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THE TREATMENT OF AIR FORCE COMBAT CASUAT.TIES 
Lt Col William F MacFee, M C 
NF^\ Y^ork, N Y' 

In a period of approximately seven months 198 officers and men of the 
United States Army Air Force were admitted as battle casualties to an 
Evacuation Hospital which was functioning as a fixed Station Hospital 
Twenty-two of these had received definitive treatment in other hospitals 
Treatment of the remaining 176 patients had been limited to first aid 
measures 

The great majority of casualties were caused by enemy gun fire Othei 
causes in order of frequency were freezing of fingers, toes, and other parts 
of the body, violent contact with parts of the plane 01 the earth’s surface, 
burns, and anoxia 

The total numbei of casualties due to missiles was 141, and the enemy 
weapon responsible for the great majoiity was the 20-Mm aircraft cannon 
shell (Table I) Upon explosion these small shells throw out many small 

T \ble I 

NUMBER OF CASUALTIES PRODUCED BA THE VARIOUS TAPES OF MISSILES 


Aircraft cannon shells 20-Mm 09 

Machine gun bullets 1 < 

Anti aircraft cannon shells 12 

Secondary missiles from aeroplane 7 

Unidentified missiles - 5 

Rocket shell 1 

Total ’ HI 


fragments in all directions If the explosion occurs at some distance the 
resulting wounds may be slight, but if the shell explodes nearby it is ^er^ 
destructive In eithei case the numerous small fragments are a great 
danger to the eyes Other missiles causing injury were, 111 ordei of f re- 
queue) , machine gun bullets, anti-aircraft shell fragments, secondarj missiles 
consisting of plane parts, unidentified missiles, and rocket shell fragments 
At about the time rocket shells came into use there was a noticeable increase 
in the numbei of the wounded wdio did not know the source of the missile 
that had struck him It is probable that some of these unidentified musilcs 
were from rocket shells 

Twent}-two casualties weie due to the freezing of various parts of the 
body at high altitude These were transferred as soon as practicable to a 
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Geneial Hospital where special studies of frostbite were being conducted 
Two additional patients bad seveie wounds as well as frostbite 

Eight casualties were caused by violent contact with plane parts or the 
earth’s surface, and in most instances were the result of forced landings 
or parachute jumps 

Burns, fortunately, were only three in number, and not- severe 
There were two cases of anoxia, one of which was profound After 
more than 24 hours of unconsciousness this patient began to show signs 
of oiientation, and within a few' daj's his recover}' appeared to be complete 
The distribution of w'ounds w'lth respect to the parts of the body involved 
IS shown in Table II The extremities were injured more frequently than 
other parts of the body In this the historical pattern of war wounds is 
followed 


Tablp II 

TIIC ANATOMIC nlSTRlaUriOV OF WOU'JDR CAlISrn Il\ MISSILFS'' 

I Po(/\ n n 


Scalp 

18 

IV 

Injuries to Joints 


Face 

at 


Elbow 

2 

Eye 

18 


Knee 

2 

Ear 

2 


Ankle 

I 

Neck 

16 




Shoulder region 

21 

V 

Ner,ous System 


Arm 

37 


Brain 

5 

Forearm 

20 


Facial nerve 

2 

Hand 

16 


Cervical plexus 

1 

Chest wall 

32 


Phrenic nerve 

1 

Abdominal wall 

6 


Brachial plexus 

3 

Lumbar region 

4 


Ulnar nerve 

4 

Gluteal region 

13 


Medial antibrachial cutan 

1 

Thigh 

39 


Median nerve 

4 

Leg 

2S 


Rad’al nerv e 

4 

I oot 

11 


Sacral plexus 

1 




Peroneal nerv e 

2 

rraclures of Bones 





Skull 

4 

VI 

'Respiratory System 


Maxilla 

1 


Pleura 

1 

Mandible 

1 


Lung and pleura 

7 

Clavicle , 

I 




Humerus 

4 

VII 

Digestue System 


Ulna 

3 


Liv er 

3 

Radius 

1 


Small intestine 

1 

Phalanx manual 

4 


Colon 

2 

Metacarpal 

8 




Rib 

3 

VIII 

Genito urinary Sy.tem 


Ilium 

1 


Prepuce 

1 

Pubis 

1 


Scrotum 

1 

Femur 

3 


Bladder 

1 

Patella 

1 




Tibia 

5 

IX 

Circulatory System 


Tarsal 

2 


Temporal artery 

1 

Metatarsal 

5 


Brachial artery 

1 

Phalanx, pedal 

2 


Radial artery 

2 


III Injuries to Tendons 

riexor tendons carpal 1 

Flexor tendon digital 2 

* The figures indicate the number of times an anatomic part was injured and not the actual number of 
wounds 
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Aftei the extremities, the face came next m the ordei .of wound frequency 
In a total of 141 airmen wounded by gun fire, 53 (37 5 per cent) received 
w^ounds of the face Among the patients with face wounds there w»ere 18 
eye injuries, approximately 12 per cent of the total number of 141 wounded 
This IS appreciably higher than the general incidence of eye injuries in 
World Wai I, which Matthew's,^ quoting Meisnei, gives as 5 to 8 per cent 

The chest w^all and scalp received numeious missiles but penetrations into 
the lungs and brain w ere relatively few Wounds of the shoulder and gluteal 
regions were frequent, but as a rule not serious 

Compound fractures w'ere fairly numerous The fragments of aerial 
cannon shells were capable of fracturing the smaller bones, but had insuf- 
ficient force to fracture a large bone unless the shell exploded nearby The 
majority of fractures of the large bones were caused by heavier missiles 

The brain w'as damaged in five instances, but injuries to the nervous 
system concerned chiefly the peripheral nerves A number of the nerve 
injuries w'ere of a temporary nature, and probably due to contusion by 
secondary missiles arising from particles of tissue set in motion by the 
wounding agent In some instances, however, long segments of important 
nerves were destroyed 

Wounds of the tendons, joints, digestive system, genito-unnary system, 
and the circulatory system were not numerous, but often were interesting 
and perplexing 

The treatment of wounds received m aerial combat was something m 
which none of the surgical staff was experienced, and there were no direc- 
tives on this particular group of battle casualties Many articles had been 
written on the treatment of w’ounds of the piesent wai, but nearly all 
available information pertained to land 01 sea warfare The opinion wa^. 
virtually unanimous that the surgical measuies should consist of thorough 
debridement, the application of a sulfonamide to all surfaces and recesses 
of the wound, packing wuth plain or medicated gauze, and immobilization 
of the injured part The primary closure of w^ounds was mentioned but 
almost universally condemned 

In the treatment of our earlier casualties we conformed to the general 
practice and treated all wounds by the open method As a rule they healed 
well, and few^ became infected The healing of open wounds by granulation, 
however, is a slow^ process, and it w^as obvious that much time might be 
saved by primary suture provided it was successful In wounds as dean 
as these had proven to be, healing by primary union seemed a reasonable 
expectation 

Primary dosures were first carried out in the more favorable cases and 
gradually extended to include the greater part of the wounds treated 
Debndement and the application of sulfanilamide were done in the usual 
manner 

The results, w^hich aie shown in Table TIT appear to have justified 
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this method of treatment Healing by primary union was obtained in 244 
(95 cent) of the total of 257 wounds that were closed Thirteen wounds 
(5 per cent) did not heal by primary union Nine of these (35 per cent) 
were reopened, or opened spontaneously, because of frank infection, three 
wound were leopened by the surgeon in the belief that they were infected, 
but cultures were negative, the edges of one uninfected wound separated 
because it had been closed under too much tension 

Table III » 

METHODS or WOUND TREATMENT 


Wounds debnded and closed 257 

Subsequently infected 9 

Subsequently reopened but not infected 4 

Wounds closed by secondary suture 4 

Subsequently infected 0 

Subsequently reopened 0 

Wounds closed but not debnded 3 

Subsequently infected 3 

Wounds debnded and left open 68 

Subsequently infected 16 


An investigation of subsequent results was made in all of the 244 wounds 
that had healed by primary union and it was found that none had broken 
down The investigation was conducted three to five months after the 
original closure of the wounds and was greatly facilitated by the cooperation 
of the Surgeons of the Air Foice and the General Hospital to which some 
of the patients weie evacuated 

Secondary closure was done m four wounds Three of these were in 
patients transferred from other hospitals with open wounds, the fourth 
was one of our own patients All healed by primary union Secondar}" 
closure should be particularly useful as a planned procedure in certain 
fresh wounds which cannot be thoroughly debnded and m old wounds which 
have become relatively clean 

Wounds debnded and left open were 68 in number, and 16 (23 5 per 
cent) of these subsequently developed infection It should be explained 
that the open method of treatment was reserved for -wounds too large to 
permit closure, wounds which could not be debnded satisfactorily, and 
w^ounds which because of reduced vascularity were considered to have 
more than the usual susceptibility to infection The high incidence of infec- 
tion in this group, therefore, cannot be attributed to the open method of 
treatment 

Three wounds were sutured without debridement Tw'o of these w^ere 
w^ounds of the face in which preservation of tissue was a primary considera- 
tion, the third was a w^ound of the thigh which had been sutured at the 
Unit Dispensary The importance of debridement is emphasized by the fact 
that all of the three w'ounds sutured without debridement became infected 

Infection led to serious consequences in only four of the entire series 
of cases One patient died of peritonitis four days after the suture of multiple 
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perforations of the ileum and cecum Two patients had midthigh amputation 
for gas gangrene, in both instances the infection developed m compound 
fiactuies of the bones of the leg, m one case the wound had been partially 
closed and lightly packed with vaselined gauze, in the other it had been 
left entirely open, one patient suivived, the other succumbed ii days after 
injury The fouith seiious infection occuried in a patient who had a large 
penetiating wound of the bladdei There was some urinary leakage aftei 
sutuie and an obstinate i eti operitoneal infection developed All othei in- 
fections weie of minoi impoitance 

According to LenoimanU® the piimary suture of certain wai wounds 
vas started m 1915 He states that Lemaitre was able to cany out primary 
suture m 2,664 4,000 vounded, and the lesult was successful in 2,549 
(956 pel cent), but the cases foi this procedure were selected with the 
greatest caie Primaiy sutuie was piacticed to some extent by surgeons 
of the United States Aimy in Woild Wai and when done under favoi- 
able cncumstances good results weie obtained Heuer,^^ working m an 
Evacuation Hospital near the fiont, ^^as able to make primary closures on 
approximate!} 600 wounds, with success m 95 per cent The 5 per cent of 
failures vere wounds which subsequently showed evidence of infection, and 
were opened by lemoval of sutuies 

In the present w^ar the primary closuie of wounds, as already stated, 
has been looked upon with disfavoi in all the principal theaters of action 
No doubt there aie good reasons for this attitude, particularly with respect 
to ground tioops A number of considerations, how'ever, sen^e to differentiate 
w^ounds sustained 111 the air fiom those received on the ground 

1 Bomber crew's live under conditions w'bich approach those of civilian 
life They are comfoitably housed, well fed, and have facilities to maintain 
cleanliness of body and clothing The time betw'een leaving the base and 
entering combat is a mattei of a few' hours at most, and the men go into 
action in good physical condition None of these advantages obtain for the 
giound forces 

2 The missiles that inflict injuiy upon an men are not grossly contaminated 
by earth, or othei mateiial fiom the earth’s surface, and cany no foreign 
substances into the w ounds except bits of clothing and occasionally secondary 
missiles derned fiom the plane itself 

3 Efficient fiist aid treatment, wdneh includes the use of sulfanilamide, 
IS administered in the plane immediately after injury, and as soon as the 
wounded arrive at the air field the medical peisonnel carry out whatevei 
measures are necessary to assure their arrival at the hospital in the best 
possible condition 

4 Wounded airmen usually leceive definitive surgical treatment w'lthin 
four to six hours of the time of injuiy Ground troops often must wait many 
hours or even days 

With these consideiations before us, it is obvious that* important differ- 
ences exist betw'een air and giound foice casualties In treating the wounds 
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Fig I — Case A Appearance of leg upon admission to the hospital The number and extent of 
wounds made satisfactory debridement impossible 

Fig 2 — Case A Roentgenogram of leg showing comminuted fractures of the tibia Numerous shell 
fragments are scattered throughout the soft parts 
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of aerial warfare these differences should be recognized and turned to 
advantage 

Before leaving the subject of tieatinenl something should be said about 
-sho( 5 k as observed in wounded airmen In brief, it may be stated that 
profound shock was not encountered except in those who had bled pro- 
fusely Other factois pioductive of shock, such as dehydration, physical 
exhaustion, and prolonged anoxia of the tissues, did not appear to have been 
severe enough to make them important as causative agents Treatment 
\Mth plasma yielded best results when given m large amounts, but the im- 
provement could hardly be called spectaculai As a rule, the blood presstiie 
did not rise to a satisfactory level and the general response was only a 
partial recovery It is questionable -whether plasma administration gave 
much better results than might have been obtained with physiologic saline 
and glucose Definite recover} fiom shock usually did not become evident 
until the patient had leceived a transtusion of whole blood, and the degree 
of ieco\ery was piopoitional, m a general way, to the amount of blood given 
The results confoimed to what might be expected m shock of almost 
purely hemoirhagic origin 

Tvblc iv 

SU^f^l\R\ or RESULTS 


Discharged 

Transferred 




to 

to other 




Duly 

Hospitals 

Died 

Total 

Casualties produced bj 





Missiles 

104 

35 

2 

lit 

Violent contact w ith plane parts or earth s surface 

7 

1 

0 

8 

Irost 

3 

19 

0 

22 

Burns 

3 

0 

0 

3 

Anoxia 

1 

1 

0 

2 

Total 

118 

56 

2 

176 

A general summary of results obtained in 

the total series 

of 176 air 

force 


battle casualties is given in Table IV It will be observed that 104, (73 7 
per cent), of the 141 airmen wounded by missiles were returned to duty 
directly from the evacuation hospital, 35 (248 per cent), were transferred 
to other hospitals, and two (14 pei cent), who have already been described, 
died of their wounds 

Some of the pioblems of tieatment may be illustiated by tbiee cases wbicli 
foi convenience are designated as A, B, and C 

ILLTJSTRATI-VE CASE REPORTS 

Case A — This patient sustained multiple lyounds of the soft tissues of the left 
leg and compound, comminuted fractures of the tibia (Figs i and 2) The fibula was 
intact A tourniquet had been applied above the knee and was still in place upon admission 
to the hospital In spite of this the patient had bled profusely and was in shock The 
tourniquet was remoN ed and pulsations w ere felt in the dorsalis pedis and posterior tibial 
arteries The damage to the leg w^as so extensne that a thorough debridement of all 
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Fig s Fig 6 

Fig 3 — Case B Extensive laceration of cheek involving the lips and angle of the mouth There was 

also a compound fracture of the mandible 
Fig 4 — Case B Injury to the face as seen from the front 
Fig S — Case B Appearance of face approximately tv o weeks after incomplete debridement and suture 
There was slight infection and partial separation of the wound edges 
Fig 6 — Case B Appearance approximately six weeks after injury The result illustrates the advan 
tages of conservative debridement and immediate repair of facial injuries 
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wounds was out of the question The circulation, however, appeared adequate and the 
innervation was not seriously disturbed 

A fairly satisfactor}’^ debridement was done on the larger wounds, microcrystalline 
sulfathiazole was instilled, and the leg and thigh were immobilized in plaster None 
of the wounds were sutured Sulfadiazine was given by mouth for eight days after 
operation, and progress seemed quite satisfactorj' On the ninth day there was complaint 
of some pain m the leg which was relieved by loosening the encasement On the tenth 
daj" there was some fever, the leg was moderately swollen but theie was no crepitus On 
the eleventh da}' there was increased swelling, profuse, seious discharge, and slight 
localized crepitus After a large transfusion, a midthigh amputation was performed, 
but the patient succumbed the same day A different result might have been obtained 
if the gas gangrene had been recognized earliet 

Tie 7 Fig g 



Fig 8 Fig lo 

Fig 7 — Case C Appearance of left aim with multiple wounds piepared for debiidement The 
iiLur^ascular trunk, is visible in the depth of the large wound 

Fig 8 — Case C The wounds after debridement A skin incision w’as made at the distal angle of 
the large wound to include the two smaller wounds seen in 1 igure 7 Skin excision was limited to 
a few millimeters of the wound edges 

Fig 9 — Case C Wounds immedi itely after nrini irj suture In spite of the large size of the 
woui^s closure was effected without tension 

Fig 10 — Case C Appearance of wound imniedi itelj before remoxal of sutures Healing w is 
bj primary union 


Case B — This patient was struck near the angle of the mouth by an enemy missile 
thought to be a machine gun bullet Considerable damage was done to the soft parts 
of the face and there was a compound fracture of the mandible (Figs 3 and 4 ) In 
spite of these injuries and a deep wound of the right deltoid muscle, this pilot brought 
his fortress home and made a good landing 

A complete debridement of the facial wound would have left a large defect and 
extensive plastic procedures requiring months of hospitalization would have been 
necessary Excision of tissue, therefore, was confined to the dry, blackened shreds 
which were m effect foreign bodies The wound was then sutured with care as to 
anatomic relationships 


9 



WILLIAM F MacFEE 


Annals of Surgery 
July 1944 


Healing was complicated by slight infection and partial separation of the wound 
edges (Fig s), but the final result was relatively good (Fig 6) 

Case C — In addition to other serious injuries this patient received a severe flesh wound 
of the left arm which involved destruction of a good part of the biceps muscle and 
the soft tissues of the medial surface of the arm (Fig 7) A segment of the ulnar 
nerve also had been shot away There were other smaller wounds of the anterior 
and medial surfaces of the arm and a shell fragment had punctured the brachial 
artery near the antecubital fossa After debridement had been completed (Fig 8), 
It was possible to close the wounds without tension (Fig 9) Healing was by pnmarv 
union (Fig 10), and there was undoubtedly much less scar formation than would^ 
have resulted from open treatment Prompt healing made possible an early attempt 
at nerve repair and avoided the impediment of dense scar tissue 

CONCLUSIONS 

1 The primary closure of wounds has obvious advantages when condi- 
tions are right for its use 

2 The wounds of aerial combat are received under peculiarly favorable 
conditions and many of them can be debrided and closed with good prospect 
of primary healing In this series, 95 per cent of 257 vounds closed b} 
primary suture healed without infection or separation of the wound edges 

3 Primary suture should not be attempted in wounds that are too large 
to permit closure without tension , in wounds which, for some reason, cannot 
be debrided satisfactorily, nor in wounds where adequate vascularity is 
in doubt 

4 Secondary wound closure is useful as a planned procedure m doubtful 
fresh wounds and in old wounds that have become relatively clean 

5 The open treatment of wounds has almost universal indorsement in 
ground force casualties The indications for open wound treatment in air 
combat casualties are much more restricted, but it is the preferred method 
111 certain types of injuries Open treatment, however, does not insure against 
gas gangrene and other serious infections 

6 The different methods of treating wounds should be considered as 
complementary and not opposed to each other 

7 The decision as to the closed or open treatment of wounds sustained 
in aerial combat should be governed by a consideration of the circumstances 
111 the case and not wholly restricted by rule 
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WHOLE UPPER EXTREMITY TRANSPLANT FOR HUMAN BEINGS 
GENERAL PLANS OF PROCEDURE AND OPERATIVE TECHNIC* 

Lieut Richard H Hale, M C , U S N R 
Denver, Colo 

Transplantaiion of homologous extiemities is not new The idea has 
piobably occurred to innumerable surgeons, from one time to another, during 
the existence of suigery 

With the tremendous numbei of casualties which have occurred, and 
will occur, in the present war, the feasibility of a whole limb transplant should 
again be considered Granted, prostheses have been highly perfected, but 
with all our modem mechanical skill no mechanism can begin to replace a 
hand One machine gun bullet can render a hand useless Many hands have 
already been observed with severe, completely disabling burns, shrapnel 
wounds, crush wounds, etc At the present time there is nothing to offer 
these men but partial compensation in the form of a veteran’s income Hence, 
theie exists a need for successful whole limb transplantation 

As eaily as 1897, Halsted succeeded in transplanting the hind leg of a 
dog from one side to the other, leaving the principal artery intact until the 
various tissues sectioned had healed MacCallum, in studying inflammation, 
completely amputated an extremity and replaced it by anastomosing the blood 
vessels and bringing together muscles and skin In 1906, Carrel and Guthrie 
showed tfie feasibility of a whole extremity graft by transplanting a recently 
severed extremity from one dog onto the prepared stump of another They 
lepeated this work on several occasions, and had such success that they 
considered the matter closed The procedure was certainly possible, thev 
concluded, but it was not practicable There was no source for the grafts in 
human beings The numbei of people who would want, or need, such a 
transplant were too few 

Accordingly, during the next few 3'edis, Doctoi Cairel digressed from 
the idea of whole limb tiansplants and turned to experimenting with organ 
transplants, again attempting to leestabhsh noimal blood circulation of the 
tiansplant in the recipient These experiments with kidneys of animals arc 
quite familial to everyone interested in the subject but have no remarkable 
connection with extremity tiansplants Howevei, it was during these years 
that blood vessel surgery received additional attention Indeed, the technics 
of handling and suturing blood vessels were one of the main contributions 
to surgery from this work On the other hand, the work was not conclusive 
enough to warrant kidney or extremity transplants in human beings, so 
that surgeons confined their grafts to those m which the blood supply was 

* The opinions and views set forth in this article are those of the writer and are 
not to be considered as reflecting the policies of the Navy Department 

Illustrations for this article were made by William B AIcNett from Cadaver Dis- 
sections done by aiithoi at the Daniel Baugh Institute of Anatonw, Philadelphia, Penna 
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completely seveied, such as skin, corneal, bone, and fascial grafts The idea 
that homologous transplants aie unsuccessful has evolved from these grafts 
However, these giafts are actually not comparable at all, inasmuch as then 
original blood supply is desti03^ed aftei separation from the host Complete 
revasculai ization has to occur before such grafts live This naturally cannot 
apply where the blood supply is pieserved 

It IS important to note a few of the obstacles met with in performing 
tiansplants in which the blood supply is preserved The first of these is 
infection Infection is one of the largest factors in production of thrombosis 
in anastomosed blood vessels Murphy felt that almost all of the thrombi 
which formed at the site of blood vessel anastomoses where the intima was 
undamaged could be attributed to infection in and aiound this site Thiom- 
boses have been so common m blood vessel suigery that almost all repaii 
of blood vessels has been discouiaged Some of this discouragement resulted 
fiom the sad commentaiy of Sir George Makms on the results of end-to-end 
arterial suture during World Wai I De Takats, using no anticoagulants 
nor agents to combat infection, discouraged the excision of emboli from blood 
vessels after their establishment for nioie than ten hours Even during 
this first ten hours he had only about 40 per cent success 

Today, however, the picture is more promising To combat infection 
we have at least two large, relatively new, groups of antibacterial agents The 
first group includes the sulfonamides This group is more populai at present, 
IS synthetic m oiigin and has its action, apparently, as a static poison to the 
bacteria attempting to metabolize the substance The second group is that 
including tyrothrycm, gramicidin, and penicillin This field was opened up 
by Dubos m 1939, and includes natural products which seem to have inhibitive 
and lytic action directly on the bacteria With these two groups, already 
infection is becoming less and less of a problem Blood vessel surgery is 
achieving more success Even grafts where the blood supply is not preserved 
are reported to take more frequently where control of infection has been 
attempted 

Thrombosis, another obstacle to preservation of blood supply 111 trans- 
plants, now has two relatively new and directly combative agents In 1936, 
Best, Charles, and Scott obtained a purified barium salt of heparin This 
heparin prepaiation is nontoxic to human beings in therapeutic doses and 
IS effective in preventing thrombosis Its only disadvantage is that of 
administration, which has to be done parenterally 

As a result of using heparin, Murray reports remarkable successes He 
feels that the ten-hour limit for embolectomies no longer holds, and leports 
17 successful embolectomies using heparin postoperatively He also reports 
three successful end-to-end arterial anastomoses and three cases using venous 
grafts to bridge gaps between severed arteries No aneurysmal complica- 
tions nor thrombi occurred On one occasion, 111 repairing a false aneurysm, 
a section of the vein which was involved m the aneurysmal clot A\as used 
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The clot had to be scraped from the intima of the venous graft and valve cusps 
had to be removed In spite of the extensive damage to the intima of the 
venous graft it remained patent and the graft was successful Pnestley, and 
his coworkers, at the Mayo Clinic report that heparin is of definite value 
111 prevention and treatment of postoperative thrombosis and embolism 
Jaques, and Perett feel that thrombi on intimal surface of veins from chemical 
or mechanical injury can be completely prevented by the proper use of heparin 
In 1941, Link and his associates isolated and synthesized the causative 
hemorrhagic agent m spoiled s\\ eet clover disease of cattle, 3, 3'-methylenebis 
(4-hydroxycoumarm) This substance has been popularly termed dicoumarol 
It IS not only more economical, but in contrast to heparin has been found 
to be effective when taken orally Like heparin, though, it does not appear 
to be toxic m therapeutic doses However, it seems to have a latent period 
of 48 to 72 hours, during which time it is necessary to use heparin following 
blood vessel surgery The action of heparin apparently is direct neutralization 
of the substance thrombokmase In contrast, dicoumarm seems to act by 
preventing the liver from forming prothrombin and has no direct effect on 
the blood itself The clinical experience of Lehmann, Meyer, Allen, Bingham, 
Barker, Waugh, and others, ^ives good evidence that dicoumarm is a valuable 
adjunct to heparin in the prevention of thrombosis and embolism 

Another pioblem met with m performing a vhole limb transplant is tlie 
method of fixation utilized for holding the bony fragments in position Since 
Stader presented the advantages of his reduction and external fixation splint 
to Shaar, Kreuz, and their associates, at the U S Naval Hospital m Phila- 
delphia, in 1941, Its use has become widespread It is a strong and hght- 
m-weight splint which permits complete control of bone fragments in all 
planes, as well as traction, impaction and fixation The apparatus does not 
restrict circulation and allows early active motion which makes it highl} 
advantageous for use m a whole limb transplant 

Still other problems arise One is the decision at which level to undertake 
the surgical procedure The level of choice appears to be at the junction 
of the middle and lower third of the arm This site is chosen because the 
structures here are large enough to work with conveniently There is a 
single bony shaft and the structures involved are relatively simple Another 
problem concerns the availability of the donor for the recipient at the proper 
time In the early development of this procedure a surgical team could be 
trained, working 111 a well-equipped, large city, base hospital, employing as a 
source extremities of civil or militar)-^ casualtiesi Permits could be obtained 
where necessary Those needing grafts could wait in the hospital and be 
available when the proper graft was obtained Then, after the procedure 
has been perfected, such modifications, might be developed so as to make it 
practicable in field hospitals or hospital ships 

Then, again, m time, a method of preserving the limbs for grafting by 
means of a mechanical heart-lung perfusion apparatus might be perfected, 
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though this would not be necessary at first Preservation by refrigeration 
offers another field of investigation Certainly the amputation of extremities 
using ice packing anesthesia is suggestive Also is the theory that metabolism 
temporarily ceases at low temperatures as shown in the freezing treatment 
of malignancies Carrel demonstrated that small blood vessel grafts after 
having been stored in 'Saline at slightly above freezing temperature for 
several da}s. not only function, but often live m their new host 

The laity, of course, would have to be educated to the idea involved 
The) \\ould ha\e to be impiessed by the fact that the transplant is a living 
one, not dead Prostheses met considerable opposition in the earl} days, but 
now artificial limbs are accepted entities 

In summai}, then, wnth the advent of the sulfonamides, heparin, dicou- 
marin, Stader splint, and many other modern medical and surgical develop- 
ments, there is every chance that a whole limb transplant in man should be 
possible and successful Its success should be preceded by animal experi- 
mentation and cada\ei surger} Theie is ceilamly a grownng demand foi 
this proceduie Main technical pioblems connected w'lth whole limb tians- 
plantation wnll ha^e to be solved as they aie met However, a tentative 
plan of proceduie is being presented 

0PB1UTI^E PROCEDURE FOR UPPER EXTREMITY TRANSPLANT 

I Preoperative 

A Nursing duties 

r Scrub operative site w'ell above and below region daily for two or 
' three days, ending on the day of operation w'lth sterile preparation 

2 Usual nursing care 
B Medical duties include 

I Supeiwnsion of preoperative medications 

*2 Usual preoperative examination to be sure recipient is m good 
enough condition for surgery 
C Technician’s duties include 

1 Typing of recipient’s and donor’s blood 

2 Serologic complement-fixation or flocculation tests on each 

3 Am othet laboratory tests as deemed necessaiy by medical stafl 

II Operative 

A Assistant surgeons 

1 Prepare sterile field 

2 Aid in surgical procedure as directed by surgeon 
B Nurses or trained corpsmen 

1 Manage instruments, drapes, solutions, etc 

2 Maintain lighting properly 

C Anesthetist gives appropriate anesthesia and handles intravenous solu- 
tions, medications, and transfusions 
D Surgeon’s procedure m preparing donor’s graft (Fig i) 
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After applying sterile Cohen tourniquet clamp, if necessaiy, a skin incision 
IS made with unequal anterior and posterior flaps (Fig 4) The anterior 
flap comes to about one inch above the elbow crease, the posterior flap to 
the olecranon, the same as in lecipient An attempt is made to isolate the 
brachial cephalic and basilic veins superficially They should be dissected 
free and tributaries ligated close to the veins for about 6 cm These veins 
should be transected at least 8 cm above the level of the humeral condyles 
Careful handling of the distal ends of the veins is important m order to avoid 
injuring their intimal surfaces They should be attached to cannulae which 
lead to a dependent reseivoii The deep veins are cannulated similarly when 
they are transected latei After securing superficial veins, the skin and 
subcutaneous tissues are mobilized above and below all around the arm 
thus exposing the biceps and tiiceps muscles m addition to small paits ol 
of the brachiahs anticus, hi achioradiahs, and flexoi and extensor gioups 
of the forearm During this cleaning process brachial and antibrachial 
cutaneous nerves should be isolated and transected in the upper part of 
the wound A small tie can be placed around these small nerves in ordei 
to keep track of them Later on the portion tied can be sacrificed before 
anastomosis is attempted The biceps tendon may now be isolated and 
transected in Z-fashion just below the musculotendinous junction To facili- 
tate repair, the Z-cut must alwaj^s be the same, as, for example, a Z rather 
than an S, approaching the tendon anteriorly 

With the biceps muscle retracted superiorly all the important nerves 
and vessels can be readily obtained The brachial artery and veins should 
be isolated first They may be cut across as far proximal as possible The 
artery should be cannulated to a heparinized transfusion, thiough which 
is bubbling oxygen and in which is contained an antibacterial agent such 
as penicillin or a sulfonamide The veins, if large enough may be drained 
as previously directed for the superficial ones Blood perfuses the extremity 
continuously and is recirculated as rapidly as possible 

Close to the vessels is the median nerve, which is next in order It also, 
is transected proximally A suture should be placed through the nerve near 
the cut end in a frontal plane The suture is tied and then sewed to the 
skin distally so as to retract the nerve from the field and yet keep it from . 
becoming rotated about its longitudinal axis (Fig i) The damaged portion 
of the nerve is later sacrificed before anastomosis The radial nerve can 
usually be found between the brachiahs and the brachioradiahs muscles near 
the humerus It and the ulnar’ nerves are handled as was the median The 
ulnar nerve is usually anterior to the medial muscle fibers of the triceps 
With this much done the lower half pin-umt for the Stader apparatus 
should be applied Ample clearance (about i inch) for the skin should be 
allowed between the plastic bar and the triceps muscle The pins should be 
placed through the aponeurosis of the triceps as far distally as possible 
Care should be exeicised so as not to get in the joint nor the humeral 
epiphysis When the pins are properly inserted, a Z-incision may be made 
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thiough the triceps down to the bone, neaily freeing the muscle and tendon 
from the pins A technic foi this Z-mcision must be adopted consistent with 
the technic used in the biceps tendon so as to avoid mistakes and confusion 
The shaft of the humeius must finally be exposed for a nairow band proximal 
to the Stader half pm-umt To do this the brachiahs and biachioradiahs 
muscles may be tiansected at the propei level and loosened subperiosteally 



Tig I — Preparation of the donor graft completed 


along with the triceps in ordei to get adequate exposure The humeius is 
finally cut at the junction of middle and lower thirds Three saw' cuts are 
made from the anterior, medial, and lateral edges of the humerus The 
sawteeth point superiorly wnth the sawblade forming an acute angle with 
the distal humerus The end-result is a three-sided cup m the proximal 
stump and a thiee-sided pencil tip m the distal fragment (Figs i and 2) 
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The Stader pins may be used to help steady the arm while sawing The 
extremity is finally diaped with a sterile towel, and the surgeon takes the 
giaft to the lecipient or leaves it attached to perfusion solutions and oxygen 
tank for preservation Ice packs may be applied also 

If necessary at this time, proximal stump of donor should be closed as 
after an amputation 



Tir 2 — Pieparation of the recipient for graft completed 

E Suigical Procedme m Preparing Recipient for Giaft 
Here, the uppei Stader half pin-unit is applied fiist of all Then after 
applying a sterile Cohen clamp, a skin incision is made exactly as in the 
donor The superficial veins are cut as fai distally as possible before large 
tributaries occm Tendons and muscles are transected exactly as in the 
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donor Nerves aie cut in the distal poitioii of the opeiating field and 
similarly tagged, reflecting them proximally Before cutting the deep veins 
and the brachial aitery, these vessels should be clamped proximally with 
a Crile oi Spivack blood vessel clamp, being caieful not to injure mtimal 
sui faces One of the laigei acuis may be cannulated foi transfusion purposes 
Finally, the hunietus is tiansected in exactly the same manner as in the 



1 IG 3 —Donor grift iii plncc on recipient, luediTl Tspcct Closure pTrfnllj completed 
(t) Detiils of tascular anastomosis 

donoi The distal, dismenibeied poition of lecipient can be iemo\ed fiom 
the operating field 

F Surgical Procedure in Appi oximatmg Graft 

The donor arm must first be cut free from its cannulae and then brought 
into position The Stader reduction and impaction bar should be attached 
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immediately To obtain perfect alignment some trimming of the bone ends 
may be necessary When alignment is obtained, bone ends are impacted and 
the apparatus is locked m position As the periosteum has been carefully 
preserved, its edges should be approximated with fine interrupted catgut 
sutures 

All of the blood vessels larger than 3 Mm in diameter should be carefully 
trimmed in a diagonal manner and approximated by end-to-end anastomoses. 



Fig 4 — Grift iprroximated md wound closed, oostenor aspect Rehtionship of 
luinicrtis to Stader splint shown 

using finest possible silk hoiizontal mattress sutures on a straight or curved, 
small, atraumatic needle (Fig 3a) These mattiess sutures, when tied, evert 
the vascular intima After vessel anastomoses are completed the tourniquet 
should be removed and circulation restarted When the tourniquet has been 
removed any leakage around anastomoses should be stopped with a con- 
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tinuous stitch, or inteirupted stitches, binding everted vasculai edges to- 
gether Other minor hemostasis may be obtained by electrocoagulation or 
plain catgut ties Neives should be ti mimed diagonally with a very sharp 
knife or lazoi blade, anastomosed, smiilaily to the blood vessels, uniting only 
the epineural sheaths in an eveiting mannei Anastomosing these structures 
with oblique transections peimits a laiger lumen when the scai tissue con- 
tracts months latei 

Special care "should be obseived to unite all stiuctuies and especially 
nerves without rotating eithei end dboiit longitudinal axes Tendons aie 
to be repaired m the mannei of a Z-plasty Muscle bellies transected 
must be approximated No attention need be paid to approximating muscles 
to periosteum Intermuscular septa ma}^ be repaired if convenient Deep 
and superficial fascia and skin should be appioximated with interrupted fine, 
absorbable sutuies Sulfanilamide po\\dei should be dusted lightly m eveiy 
layer of tissues befoie closuie A dram may be left m the anterioi portion 
of the elbow foi 24 hours if necessaiy 

III Postoperative 

A Apply sterile vasehned gauze 01 alcohol dressing 
B Roentgenograms should be taken within 24 to 48 lioui s postoperativ ely, 
m order to check alignment and impaction of humeral fragments 
C The extremity should be elevated until swelling disappears 
D Patient should be thoioughly hepaiinized for two or three days, until 
dicoumarm has evidently become sufficiently effective to prevent thrombosis 
Technician should check venous clotting and prothrombin time Clotting 
time should be checked e\ery six hours while heparin is being given and 
should be maintained at 15 minutes 01 longei Prothrombin time should 
be checked daily It may a ary consideiably but should be watched ab an 
index of dicoumarm action and should not be allowed to get below 35 seconds 
Heparin maj be combatted w'lth piotamm, and dicoumaim Avith transfusions 
if at any time necessaiy 

E Medical Department to supeivise administration of sulfa diugs and 
penicillin 

F Physiotherapy should be stalled eaily possibly by the end of the first 
week 01 tivo Bone ends should be impacted veiy slightly as needed 
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STUDIES ON THE EFFECTS OF POSTURE IN SHOCK AND INJURY=' 
George W Duncan, M D , Stanley J Sarnope, M D , 

AND 

C Martin Rhode, M D 

BAtn-tfonE, Md 

FROM THL DEPARTMENT OE SURGERY JOHNS HOPKINS UNIVERSITI AND DEPARTMENT OF 
SURGERY, UNIVERSITY OF MART LAND BALTIMORE MD 

The shock or rooi-UP position rathei than the hoii/ontal oi tlie head-up 
position is frequently employed in the treatment of shock oi potential shock, 
but experimental evidence of the relative effects of these positions m injured 
persons is lacking Widely different opinions have been expressed by various 
workers in this field as to the value of the shock position, but data piesented 
have been based chiefly on animal experimentation or postural studies in 
normal persons HilP lecommended its use in the treatment of shock 
on the basis of animal experiments Henderson and Haggaid” studied some 
of the cai diovascular effects of lowering the head of a normal person to an 
angle of 30 to 45 degrees They concluded that the foot-up position would 
not be beneficial m shock Cannon,^ on the basis of his observations m 
World Wai I, stated that the shock position has no beneficial effect From 
observations also made in the First World War, Poiter'* strongly recom- 
mended its use Blalock'' advocates the shock position because of the effect 
of gravity m aiding venous return to the lieait and in aiding the circulation 
of the brain Moon® states that posture can have no effect since the difficulty 
lies m the capillaiies Asmussen,'^ and his cowoikers, aftei extensive studies 
on the effect of posture upon the circulation of the noimal human being at 
an angle of 30 to 60 degrees m the foot-up and head-up positions state that 
the shock position may be beneficial 111 cases of circulatoiy insufficiency due 
to peripheral dilatation of vessels or to blood loss Numerous othei investi- 
gators have studied the effects of foot-up and head-up posture in normal 
persons at postural angles similar to those used by all of these investigators 

It was the purpose of this study to observe the effect of posture in 
patients with varying degrees of injury and shock both in the foot-up and 
head-up positions at angles similar to those pioduced by the shock blocks 
and the bed elevators used in most hospitals These studies weie continued 
by the senior author in collaboration with Dr Dickinson Richards, and his 
associates, at Bellevue Hospital, in a study of the effect of position upon 
cardiac output and othei functions Some of the cases included here were 
observed with this group (Tables II and IV) and will be reported elsewhere 
in greater detail in connection with other studies 

*The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Johns Hopkins University 
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aiETHOD 

Patients were seen as earh as possible after admission to the accident 
ward in tlie cases of injtiri or upon notification of the appearance of signs 
of shock m postoperatue cases A specimen of blood was obtained for 
determination of plasma protein and hematocrit ^alues immediately before 
postural studies were begun and subsequent samples weie obtained during 
the course of the stud} and at the end In the patients listed in Tables II 
and IV, postural studies w ere begun during the latter part of the determma- 



CiiART : — D W’' Postural studies in patient m shock due to bleeding peptic iilcei shoving dinnnution 
of response to fool up position as treatment progressed 


tion of blood volume or immediately thereaftei Symptoms and signs such 
as the presence or absence of sw^eating, pallor, the degree of consciousness, 
temperature of extremities to palpation and appearance of peripheral veins 
were observed and reported Three leadings of arterial piessure and pulse 
rate were made at two minute intervals and recorded The patient was then 
placed immediately in the foot-up or shock position by elevation of the foot 
of the bed or examining table on shock blocks measuring 12 inches m 
height The resulting angle measured appi oximately 7 to 9 degrees wuth 
the horizontal when the examining table or bed measured 6 to 7 5 feet in 
length Because of the rapidity of the changes produced in some of the 
patients, observations on blood pressure, pulse rate, and other s}mptonis and 
signs were made at one minute, three minutes, and five minutes after the 
change in posture The patient w^as immediately leturned to the horizontal 
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Table II 

EFFECTS OF POSTURAL CHANGE IN PATIENTS 1\ITH MODERATE OR MARI FD DIMINUTION OF BLOOD VOLUME 

(group i) 

Arterial Pressure 
Mm Hg 

• Pulse Blood Volume 

(Optical Rate Sq M B S A 
(Cuff) Manometer) Per . ■ > 


Name and Injury 

Posture 

Brachial 

Femoral 

Mm 

Plasma 

Blood 

Remarks 

P P — Gunshot wound 

Flat 

46/30 

33/22 

62 

1320 

^^2100 

Arterial pressure rose im 

of abdomen Exposure 

Shock 

60/40 

39/25 

83 



mediately when placed in 
shock position but immedi- 
ately began to drop 


Flat 

74/42 

57/34 

72 



Repeated IJ^ hours later 


Foot up 

86/61 

71/37 

75 



Had received 590 cc blood 


Flat 

88/66 

76/44 

78 



1500 cc crystalloids Bleed- 


Head up 

88/60 

74/43 

76 



ing into peritoneal ca\ its 


Flat 

110/58 


78 



Repeated 4 hours later Had 


Shock 

122/60 


82 



received 1000 cc crys solu- 


Flat 

112/64 


82 



tion & 1300 cc blood 


Head-up 

110/63 


82 



Bleeding into peritoneal 
cavity 40 minutes later ar- 
terial pressure had dropped 
to 90/50 and other clinical 
signs of shock were present 

W B — Crushing injury 

Flat 

135/89 


116 

1230 

2230 

( 

of chest Contusion of 

Foot up 

142/94 


117 




lung Hemothorax 

Flat 

122/80 


132 

1160 

1790 

Repeated 5}^ hours later 


Foot-up 

144/90 


128 



Had received saline slowly 
Thirty minutes later patient 
showed evidence of clinical 
shock & was given 1000 cc 
whole blood 

B S — Laceration of 

Foot-up 

126/80 


116 

1350 

2180 

Developed clinical picture 

wrists &. neck 

Flat 

110/70 


120 



of shock IS minutes later 


Foot-up 

81 (mean) 





30 minutes later No 

/ 

Flat 

20 (mean) 





therapy 

R C — Simple Tract of 

Flat 

106/63 

118/66 

101 

1170 

2270 


femur 

Foot up 

107/65 

116/64 

90 





Flat 

95/64 

98/57 

101 





Head up 

101/65 

110/64 

102 




R M — Hemorrhage 

Flat 

100/56 


153 

1810 

2300 


from esophageal ^ arices 

Foot up 

108/59 


150 





Flat 

105/58 


162 





Head up 

101/61 


164 




A R — Laceration of 

Flat 


44/21 

120 

1030 

1700 


scalp 

Foot-up 


52/24 

118 





Flat 

60/40 

68/30 

103 



Repeated one hour later 


Foot-up 

78/46 

86/36 

104 



Had received 350 cc blood 


Flat 

80/48 

87/36 

106 



1500 cc N saline 


Flat 

58/40 

77/31 

98 

1800 

2580 

Repeated IK hours later 


Foot-up 

60/40 

78/31 

100 



after 100 cc blood 8. 1000 


Flat 

55/40 

66/27 




cc N saline 

W B — Fracture of 

Flat 

67/42 

54/26 

112 

1130 

1670 


pelvis 

Foot-up 

66/41 

49/25 

114 





Flat 

61/30 

53/27 

120 





Head-up 

60/39 

47/26 

120 





Flat 

78/50 

62/34 

134 



Repeated three hours later 


Foot up 

86/50 

66/33 

132 



Had received 900 cc blood 
750 cc N saline 


Flat 

95/53 

78/40 

120 



Repeated 30 minutes later 


Foot-up 

100/51 

78/39 

120 

1520 

2300 

Had received 100 cc. N 


■Jaime Blood volume de- 
termination done one hour 
after postural studies 


Patient probably bleeding 
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position, after which similar observations were made at the same intervals 
This procedure was then carried out in the head-up position, the same angle 
bemg used The effects of both foot-up and head-up positions were repeatedly 
obsen'-ed m most patients ovei a period of several hours This procedure 
uas followed in most instances, but occasionally because of theiapeutic require- 
ments, it could not be followed precisely 

Arterial pressure was determined in the patients listed m Tables I and 
III by the auscultatory method in the arm, and in the patients listed in 
Tables II and by both the auscultatory method in the brachial artery 
and the optical manometric method of Hamilton® m the femoral artery 
In the determination of blood pressure in the arm, the arm was kept on the 
table or the bed parallel to the trunk in all postures In the auscultatory 
method, care was taken to read the expiratory level of S3fstolic pressure 
because respirator}'- variation in arterial pressure was frequently greatly 
increased The first distinct change in Korotkow sounds was taken as the 
diastolic level The heart rate was counted by arterial palpation or pre- 
cordial auscultation or from the manometric tracings Hematocrit levels 
were determined in duplicate with Wintrobe tubes Plasma proteins were 
determined by the Barbour and Hamilton® method, the formula of Weech 
Reeves and Goettsch^® being used for translation of plasma specific gravity 
into plasma protein 

RESULTS 


For convenience of description, the 
cases observed will be divided into two ,z 6 
groups on the basis of the clinical 
and laboratory evidence of shock and 
blood loss 

Group I The patients comprising 5 
this group showed greater degiees of |£9o 
injury or hemorrhage There werege 
16 patients in this group (Tables 1 1 
and II) and clinical signs of shock ro: 
were initially present or subsequently 
developed in all patients except one ^ 
The most frequently observed symp- 
toms and signs were lowered arterial 
pressure, mcrease in pulse rate, de- ^ 105 
crease in pulse volume, various de- 21'°®- 
grees of sweating and pallor, cool to 
cold extremities, diminished filling of 
peripheral veins, and narrowing of, the 
field of consciousness In the one pa- 
tient A\ho did not show definite clin- 
ical evidence of shock, a distinct fall 
in arterial pressure and other signs of 
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I SHOCK 
POSITIOH 7 S' 


SHOCK I 
POSITION 7 S' 


QfvJ Pollor lmprov?iTv*nf of 

^iGenerohxed color, pulse 


swcoling 
Poor pulse 
volume 
Apothy 


volume ond 
mental state 
Oecreose m 
sveoting 


5S 30 32 34 36 38 40 
PM 


Color good 
No swtotiT>g 

Mentally clwr -*>40 chcr»ge 
Pulse volume 
norTT>ol 


626 20 30 32 34 36 


Chart 2 — I L Effect of foot up position m 
patient in shock due to hemorrhage from Hcer 
ations , 
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collapse were induced by postural change, and the nature of the injury 
and the blood studies indicate that he had considerable blood loss This 
patient also showed a sharp decline in artei lal pressure, bradycardia, sweating, 
and pallor during the passage of a urethral sound In five patients the cause 
of shock was gastro-intestinal hemorrhage, skeletal trauma was responsible 
in four patients, soft-tissue laceration with heniorihage in three, hemopneumo- 
thorax in two, gunshot wound of the abdomen m one, and severe hemorrhage 
•occurring during a shoulder amputation in another In the patients listed 




no 


100 


LU 

OH 

3 

to 

CO 

is 


90 


80 J 


V— 

cc 

< 


70 


60 


50 

105' 

w 100 
c 

K g 95 
ui 

3S. 90 

3 

85 

80 


HORIZONTAL 


, SHOCK 
t>0SITI0N 791 




Color good 
Slight sweating 
over face, neck, 
upper chest 
Peripheral veins 
full 

Extremities worm 
Mentally clear 


IHORIZONTALI 


►No change ■ 


HEAO-UP 
POSITION 79“ 



►No change 


Pollor 

(mmediote gen 
erol«red swco! 
mg 

Marked opathy 
'oimost comofosei 


IHORIZONTALI 


^ SHOCK ^ 
ktSmON 79l 



No sweating 
Color good ■ 
Extremities 
worm 

Mentolly cleoH 


•No chonge- 


HORIZONTAL! HEAD UP ^ 
'POSITION 7 9l 



No sweating 
Color good 
Extremities 
warm 

MentoJy clear 


Sweating 
Slight pallor 
Apathy 
All changes 
less morked 
Ihon in pre 
vious head 
up position 


84o a'A as 48 50 K ^ 56 5^ gttO itZ 
°PM 


550 52 54 56 58 @00 02 04 06 08 
“^PM ^ 


10 12 14 


Chari -5 — WW Postiml studies 111 pitieiit uitli supeificnl Iietiatioiis of iitck nnd arm lio 
nounced fall in arterial pressure, s« eating, pallor, and apathy occurred when head up position v is 
assumed No significant change Mas obsened in foot up position Symptoms and signs disappeiicd 
without intravenous therapy 


in Table I hematocrit levels were lowered in all except one, and plasma protein 
levels were lowered in two The hematocrit level showed hemoconcentration 
in one patient (R S ) -while the plasma protein level was wathiii normal 
range In the patients listed in Table II,* studies in blood volume showed 
moderate to marked diminution 

A difference in arterial pressure in the horizontal and the foot-up position 
was obseni-ed in all patients of this gi oup except tevo These two later showed 
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a difteience in arteiial pressure in the horizontal and the foot-up position 
after the blood volume had been partly replaced The most frequent changes 
were observed m systolic pressure, ranging fiom 6 to 22 Mm Hg m the 
brachial artery and 6 to 18 Mm Hg in the' femoral artery In some patients 
the diastolic pressuie rose significantly The pulse rate slowed in several 
patients and showed moderate use in one patient In one patient (B S ) 
a difference of 61 Mm Hg in mean arteiial pressure 111 the two positions 
was observed 


Tablf IV 

I 

FFFFCTS OF POSTURAL CHANGE IN PATIENTS WITH SLIGHT DIMINUTION IN 
HI OOn VOI UMF AND NORMAI CONTROLS 


>- (group ii) 

Arterial Pressure Mm Hg 


Blood Volume 





(Optical 

Pulse 

Sq M 

B S A 



(Cuff) 

Manometer) 

Rate 

, . 


Name and Injury 

Posture 

Brachial 

Femoral 

Per Min 

Plasma 

Blood 

R W -Control 

Flat 

118/80 

134/75 

79 

1620 

2 560 


Foot-up 

119/80 

138/73 

75 




Flat 

120/84 

139/76 

78 




Head-up 

118/84 

147/85 

78 



S R — Compound fract of 







tibia and fibula 

Flat 

152/94 

167/87 

94 

1780 

3 300 


Foot-iip 

152/90 

171/91 

98 




Flat 

1 50/90 


96 




Head-up 

152/88 


96 



A J — Stab wound of ab- 







dominal wall 

Flat 

108/74 

117/71 

86 

1560 

2690 


Foot-up 

109/78 

116/72 

87 




Flat 

110/75 

117/74 

86 




Head-up 

108/80 

127/79 

89 



W H —Compound fract of 







tibia 

Flat 

130/73 

154/71 

77 

1580 

3040 


Foot-up 

130/73 

150/63 

72 




Flat 

128/76 

150/69 

75 




Head-up 

125/70 

151/74 

74 



S R — Fracture of ribs 







Hemothorax 

Flat 

150/94 


96 

15 30 

2460 


Foot-up 

150/94 


94 




Flat 

150/90 


94 




Head-up 

155/94 


92 



I W — Intestinal obstruction Flat 

90/64 

80/46 

114 

1580 

2640 


Foot-up 

91/61 

78/41 

109 



T M — Pneiimonectomj 

Flat 

98/62 


108 

1560 

2600 


Foot-up 

100/62 


116 




Flat 

97/62 


104 




Head-up 

99/62 


104 



I N —Control 

Flat 

122/73 

155/73 

47 




Shock 

121/7'6 

148/69 

47 




Flat 

122/74 

152/72 

48 




Head-up 

118/74 

152/80 

50 



Other changes 

were also 

evident 

when patients 

wei e 

placed^ 

in the 


foot-up position from the horizontal 01 leturned from the foot-up position 
to the horizontal position One of the most constant and striking of 
'these observations was the impiovement in mental state when the patient 
was placed in the foot-up position Color and pulse imlume frequently 
were seen to improve and sweating to dimmish The response of arterial 
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pressure and othei findings to the foot-up position progressively diminished 
as the blood volume was replaced Because of the condition of three patients, 
the initial arterial pressure was determined and other observations were made 
with the patients in the foot-up position, after which they were lowered to 
horizontal position and the observations repeated 

The effects of the head-up position were observed m nine patients of 
this group In only three of these did significant fall in arterial pressure 
occur In three patients the pulse rate rose 7 to 12 per minute but show^ed 
no notew'orthy change m the remainder of the cases Some patients wdio 
did not show a fall in arterial pressure w'hen' placed in head-up position 
showed a rise to above its previous level when returned to the horizontal 
position No sti iking effect upon other signs and symptoms of these patients 
w'as noted The head-up position was purposely avoided in some patients 
because of the condition of the patient and the evidence of vasomotor lability 
exhibited in other positions 

Group II Injur}’- and blood loss were less severe m the patients of this 
group than m the preceding group The clinical picture seen in the patients 
of Group I was not evident m this group, but some of the symptoms and 
physical signs w'ere produced in several of these patients by postural change 
In 14 patients (Tables III and IV) injury consisted of soft tissue laceration 
in three, multiple nb fracture m two, fracture of the sacrum due to gunshot 
wound in one, fracture of long bones in five, compound fracture of skull 
in one, one case of intestinal obstruction, and one patient who had imdergone 
pneumonectomy and had received 1000 cc of blood during operation and 
whose blood volume was within normal range although arterial pressure was 
slightly lowered Initially, the hematociit and plasma piotein levels weie 
within normal lange m the patients listed in Table III, how'ever, evidence 
of hemodilution occuired in most instances between the initial and final 
specimens In only three of these patients was replacement therapy carried 
out during the period of study, and m two of these three, treatment was given 
to determine its effect on postural change In the third, replacement therapy 
was given because of lowered arterial pressure w^hich persisted for approxi- 
mately 12 hours in spite of treatment This hypotension was probably 
related to the large quantity of alcohol which the patient had consumed 
during the preceding 24 hours 

The foot-up position produced a rise in systolic piessure of 10 Mm Hg 
in one patient of this group Examination of the injured extremity m this 
patient showed pronounced swelling of the entire thigh and hemarthrosis of 
the knee Repeated blood studies show-ed hemodilution When the patient 
was again placed in the foot-up position a few’^ minutes later, no change in 
arterial pressure w^as observed Diastolic rises of 6 and 7 were 

observed in two patients and a fall of 8 Mm was noted in two others No 
significant change in pulse rate w’^as observed, and no significant change in 
other symptoms and signs w’as observed in patients of this group 

The head-up position produced striking results in some of the patients 
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of this group A fall m arterial pressure occurred in seven of eight patients 
listed in Table III The diastolic level fell from 4 to 6o Mm Hg in five 
patients, and the pulse rate rose 6 per minute m two patients and fell 4 and 
6 per minute in two others The greatest and most frequent changes m 
systolic pressure, ranging from 7 to 50 Mm Hg , were noted m six patients 
In the seventh patient (J P ), when the head-up position was assumed, the 
arterial pressure dropped precipitately to an unobtainable level, the radial 
pulse became impalpable, the precordial sounds became neak and distant, 
the heart rate slo^^ed. the patient became comatose, pallor was evident, and 
sweating immediately became profuse and generali7ed Upon resumption 
of the honzontal position the patient returned to his previous condition 
%\ithm a few minutes Similar signs, including pallor, sweating, and narrow- 
ing of the field of consciousness, occurred in the other patients of this group 
who sho^^ed the greatest fall in arterial pressure m the head-up position 
They also returned promptly to their previous state upon resumption of the 
horizontal position In the patients listed in Table IV the changes m the 
head-up position were not so striking , a rise m femoral pressure was 
obsen^ed in one control and in one patient in vhom the blood volume was 
only slightly diminished The difference in the results obtained m the two 
groups may be related to the fact that the patients of Table II were seen 
earlier and obsenations were made earliei after injury Five of the eight 
patients m Table III and two of those m Table IV had had alcohol before 
injury 


DISCUSSION 

These observations w'ould seem to be of both practical and theoietical 
interest The position in winch an injured patient is placed is an important 
consideration in the treatment of injuries since pionounced changes may 
be rapidly produced in either mild or severe injury by only slight alteration 
in posture Differences in response to postural change were observed in 
mildly injured and more severely injured patients When patients with 
injury and blood loss of moderate severity, or patients with severe injury 
and blood loss whose blood volume had been partly replaced, were put in the 
foot-up position, signs of improvement resulted The most consistent effects 
noted were an increase in arterial pressure and improvement in mental state 
Other signs of improvement, including diminution m sweating, improvement 
in color, increase in pulse volume, and decrease in pulse rate, were less con- 
stantly observed The response of this group to head-up position was not 
so striking as m Group II, although its effect was not tried in all cases The 
patients in the less severely injured group showed little or no response to 
foot-up position in most cases, but dramatic effects w^ere absented in some 
of these patients when they w'ere placed in the head-up position, resulting 
in, or approaching, a state of collapse or syncope, probably from vasodilata- 
tion and pooling of blood in dependent areas and resultant cerebral anemia 
The condition is similar to the vasomotor collapse produced by Weiss” and 
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his associates by postural change following the administi ation of sodium 
nitrite Alcohol was probably contributory in some cases, but three patients 
with acute alcoholism, without mjuiy, have failed to show similar response 

Apparently, a state of vasomotor inbtabihty exists m the case of injur)^ 
which was not found to be present in 2D normal controls and was seen to 
diminish and disappeai in injured patients when they returned to normal 
The degree of this vasomotor instability is indicated by the fact that the 
cardiovascular responses in these studies have been produced by relatively 
small postural angles as compared witli the angles used by other investigators 
in studies m normal persons The fact that the patients with the most severe 
injury and blood loss failed to show this rapid response until the blood volume 
had been partly leplaced, suggests that vasoconstriction is more complete oi 
constant and, therefore, less instability can be demonstrated by postural 
change The angles used in this studv are moie likely to be encountered 
111 the handling of injured jiatients during treatment or during various diag- 
nostic procedures 

When it was observed (hat a difteience m aiterial piessuie in the hori- 
/'ontal and the foot-up position was associated with diminution of blood voluni" 
and was not usually seen to occur in patients with less severe mjuiies and blood 
loss, attempt was made to iitih/e this obseivation as a test for blood loss and 
possibly for the diagnosis of piechmcal oi bordeiline shock The persistence oi 
this difteience in aiterial piessuie, though diminishing until the blood volume 
has been replaced, might piove useful m determining when therapj'^ vas 
adequate, theieby conserving blood and plasma or preventing the reappearance 
of signs and symptoms of shock Considerable emphasis has been placed upon 
the need for early diagnosis of shock because the picture from which the 
clinical diagnosis is usually made is relatively late In three patients who 
subsequently developed the clinical picture of shock (B S, WB, RS) a 
definite difterence in arterial pressure was observed in the horizontal and 
the foot-up position befoie the decline in arterial piessure and othei signs 
of shock had appeared In another patient (P P ), who had leceived 
treatment and in whom clmical signs of shock had disappeared, mtra-abdominal 
hemorrhage continued and a difteience in aiterial pressuie in the two positions 
was demonstrated before the fall in arterial pressure and other signs of 
shock developed foi the second time This difteience has not been obseived 
thus far in patients with hypotension when the blood volume is normal, as 
evidenced by spine of the cases in the accompanying tables It has been 
stated in a preceding paragraph that no response in arterial pressure and in 
other signs was obtained in patients with the greatest diminution in blood 
volume until the blood volume has been parti) replaced Difterences in arteual 
pressure m the horizontal and the foot-up position could obviously occur m 
patients seen soon after injury with evidence of so-called neurogenic shock 
since spontaneous rises m arterial pressure may occur Similar changes 
might also be seen in any other patients with vide fluctuations in arterial 
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piessure Fuithei studies will be required to prove the value of this lability 
of arterial piessuie as an indication of borderline shock or adequacy of treat- 
ment in the case of fiank shock These studies are being carried out at the 
present time 

SUMMARY 

1 The effect of postuial change on thirty patients with various degrees 
of injury is descnbed 

2 Vasomotoi instability was denionstiated m injured patients that was 
not present m noimal contiols and disappeaied m injured patients when they 
leturned to noimal 

3 Diffeient effects weie noted in i espouse to the head-up or the foot-up 
position in mild and severe injuiy oi hemorrhage 

4 Some of the beneficial effects of the foot-up position in the treatment of 
shock 01 potential shock as well as some of the adverse effects observed in 
injured jiatients in the hcad-iip position are described 
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I should like to repoit an operation for repair of aneurysm of the left 
ventricle of the heart The operation consists of grafting a segment of 
fascu lata, or parietal pericardium, over the aneurysm for the purpose of 
pi eventing its rupture This is the first operation of its kind, and it is felt 
that It should be reported 

There is nothing of a surgical nature m the literature on cardiac aneurysm 
except an operation foi false aneurysm by Saueibruch ^ He made a diagnosis 
of mediastinal tumoi but at operation found the tumor contained blood The 
sac was opened The cavity of the sac communicated with the right 
ventiicle by an opening which could be felt by two fingers which were 
introduced through the opening into the heart to control bleeding Ligatures 
^\ele placed around the sac at the site of communication and as the fingers 
weie withdiawn the ligatuies were tied and hemorrhage w^as controlled 
Excision of the sac w'as carried out There w^as no statement concerning 
the presence of myocaidium m the thin sac, and I assume that the sac was 
paiietal peiicaidium If this 'assumption is coiiect it is a false and not a 
true aneuiysm Excision of a tiue aneiiiysm of eithei ventricle of the heart 
appeal s to be an impractical procedure 

EXI'IillUMENT:. ON CARDIAC ANEURYSM 

In 1934, I opeiated upon 16 dogs in an attempt to produce cardiac 
aneuiysm Some of these animals were kept for two to three years after 
operation but aneurysm w'as not produced and the experiments were not 
repoited Biiefly, the pioceduie w'as to expose the heart and to open the 
auricle A spheie of metal w'as introduced thiongh the mitral valve into 
the ventricle The myocardium w'as crushed between the sphere inside and 
the fingers outside the heai t It was possible to ci ush the myocardium to such 
a degiee that one could recognize the color of the metal through epicardium 
and endocardium The specimens showed a small amount of scar at the site 
of the contusion Small deposits of calcium were also found Pathologic 
manifestations of trauma were slight- 

Aneurysm of the human heart is usually produced by coronary artery 
occlusion In our experiments m which occlusion of coronary artery was 
done a slight dilatation of the wall of the A'entricle was occasionally observed 
but a well-developed aneurysm was never observed in these experiments 
Hosier and Williams^ produced an aneurysm of the right ventricle in one 
experiment by attaching ventricle to diaphragm This w'as a true aneurysm 
and could be classified as a traction aneurysm 
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COMPRESSION SCARS ON THE HEART versUS LOCALIZED AND 
GENERALIZED DILATATION OP THE HEART 

Dakin’s solution when introduced into the peiicardial cavity of dogs 
IS followed by the pioduction of scai tissue in epicardium and parietal peu- 
cardium ^ In the course of weeks or months the scar undergoes contrac- 
ture and produces chronic compression of the heart® The chief point of 
interest m these experiments concerned the physiology of compression and 
the surgical problems of removing compression scars However, there is 
another aspect to this work which is new, which has not been discussed, 



and which has some significance What I have in mind is the deliberate 
production of a cicatrix to support a dilating heart and also to prevent rupture 
of an aneurysm of the heart Experimentally, Holman and I' showed that 
the pericardium exerted a constrictive action against acute dilatation produced 
by plethora Whether a dilating heart can be helped by a supporting cicatrix 
on the outside of the heart is a question that cannot be answered It deserves 
investigation on patients The idea of placing a supporting graft o\ei the 
aneurysm has obvious meiits In the fiist place, a graft can be expected to 
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prevent rupture of an aneurysm In the second place, an improvement in 
the circulation can be expected by reducing tbe size of the aneurysm In 
the- presence of an aneurysm, the aneurysm fills out with blood with each 
systole Instead of expelling the total content of the left ventricle into the 
aorta, part of the content escapes into the aneurysm This is indicated in 
Figure I It IS not unlike a mitral valve leak 



T',- , Roenteeiiocnm o£ tlie chest showing meurjsm of the lateral 

and systole measurea about a cm ine anenr'sn u t 
contracted 


CASE REPORT 

The patient, referred by Dr Arthur Weihe, of 6ak Park, Illinois, was a male 
white, age 49 He was debilitated, and had the appearance of an old man The patient 
gave a history of almost constant pain in the epigastrium Eighteen mon hs b ore 
admission he had an acute, severe attack of upper abdominal pain The of 

perforated gastric ulcer was made and celiotomy was per orme wo m 
the patient had a second severe attack of pain in the epigastrium which radiated into 
the chest, left shoulder and down the left arm The diagnosis of coronary 
was made Treatment consisted of rest and administration of sedatives Ther^fter 1« 
was subject to recurring episodes of sharp anginal pain Two montos before 
to the hospital he suffered a particularly severe attack of pain At that time a ro^t- 
genogram was taken and aneurysm of the left ventric e was emons a e 
referred for operation to prevent rupture of the aneurysm A marked pulsation o^er 
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the precordium was observed Fluoroscopic and film studies of the heart showed a large 

" 7 cm, in the region of the lateral wall of the ll ventricle 
K 1 ^ ^ cardiac systole this bulge became markedly distended The aneurvsm 

u ged out while the silhouette elsewhere became smaller This pulsation was so 
jrked that rupture appeared to be imminent The electrocardiogram showed evidence 
of anterior and ap.Cal infarction The sedimentation rate was normal, tem^ratoe 
normal, and white blood cell count normal The patient was weak, he could not 



1 iG s — Gi ift of f licia liti sutiiiccl to piiiUil pericardium Fiiiter inserted between 
graft and lieait and two rows of sutures placed 


work, he was almost bedridden Our blood pressure determinations were practically 
normal, but Doctor Weihe had obtained determinations of 94 Mm mercur}^ systolic 
Operation — ^June 12, 1942 The fifth and sixth costal cartilages and parts of the 
corresponding ribs were removed and the mediastinum was opened The lungs were 
adherent to Ihe mediastinal pleura, and these adhesions were gently separated The 
pericardium was adherent to the aneurysm It was incised around the base of the 
aneurysm in a circle about 8 to 10 cm in diameter (Fig 3) A definite increase in 
size of the aneurysm occurred after the pericardium was cut The pericardium offered 
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support to the aneurysm The aneurysm bulged out about 4 cm beyond the normal 
contour of the ventricle The distention during systole was marked, and the possibility 
of rupture was present Dakin’s solution wafe applied by cotton pad to the surface of 
the aneurysm for a period of ii minutes A piece of fascia lata large enough to cover 
the aneurysm was cut and placed over the aneurysm (Fig 4) This graft was sutured 
by interrupted sutures to the parietal-pencardium (Fig 5) In order to furnish outside 
support to the aneurysm, a series of plication sutures were placed, as shown in Figure 6 
These sutures when tied reduced the size of the graft and reduced the size of the aneur3^sm 
Closure of the wound was carried out 



Fig 6 — Pln,ntion sutures tied, and size of graft reduced This 
afforded support to the aneurysm 

Poitopeiativc Coutsc — Tlie patient developed fever and signs of pnttimonia A 
small amount of serous fluid i\as aspirated from the chest The vound healed pD pinna in 
Two weeks after operation a few cubic centimeters of serous fluid weie obtained fioiii 
the wound Within a few daj^s the fluid increased in amount and became purulent An 
intercostal catheter w'as inserted into the left pleural cavity and a liter of pus w'as 
obtained Dakinization of the cavity was carried out Cerebral manifestations of con- 
fusion and disorientation appeared The patient died five w'eeks after operation 

Postnwiteni Eiannnatwn — The fascial graft was ever3W'here adherent to the 
aneurysm There was no evidence of infection in the graft The graft of fascia lata 
W’as sealed to the pericardium and m3’Ocardium, and appeared as a firm cicatrix On 
cross-section the graft of fascia lata and the adherent patch of pericardium appeared 
to be fused with the cicatrix of the an€ur3’smal W’all The latter w’as onl3’ a few milli- 
meters in thickness A mural thrombus, measuring i 7 cm in its greatest thickness, 
was found in the aneir3sm (Fig 7) There was no eMdence that ain of the thrombus 
had been swept into the brain The m30cardium was extensueh degenerated into scar 
tissue This cicatrix nnohed anteriolateral aspect ot left centiicle and part ot the 
intera entncular septum The descending ramus of the left coronaiw arter\ was com- 
pletely occluded The right coronar3 arter3 show ed some changes but it and the circum- 
flex lamus of the left coronar3 arter3 were patent Other findings were the pleural 
emp3enia caMt3 which was drained, arteriosclerosis of aorta and cerebral arteries, 
and cncephalomalacia of the cerebral cortex and thalamus 
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In lefeicnce to application of this oi^eiative pioceduie toi aneuiysin of the 
heart, one can laise the question as to whethei the attenipt is woith avIuIc 
In this patient the emaciation, the scleiotic changes in aoita and cerebral 
vessels, and the mural thrombus within the heait were factors that would 
make any operative procedure almost futile In my opinion this operation 



Fig 7 — Cro«s section of hnrt Note gnft iiul silk sutures The fasen 
lata and parietal pericardium arc fused with the cicatriv of aneurysmal wall 
The wall is extrcmelj thin Note thrombus in the aentricle 

would offer fair chance of success if it were performed upon a patient who 
did not show such extensive degeneiative changes The operation, in itself, 
IS not a serious or drastic proceduie 
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Hunter, in 1762, called attention to the dilatation of the proximal portion 
of the artery in his first case of arteriovenous aneurysm Since that classical 
report dilatation of the artery to a varying extent has been reported frequentl) 
From a study of the literature one might assume that its frequent mention 
would Avarrant the belief that dilatation of the artery entering an arteriovenous 
aneur}sm is an essential part of the pathology How'evei, in a most pains- 
taking stud} b} Callender^ of 447 reported cases of arteno\enous fistula 
dilatation was noted only m 57, 01 12 7 pei cent Undoubledl} it was present 
but not noted in other reported cases but its constancy in arteriovenous 
aneurysm cannot be taken for granted The late Mont Reid, a great master 
m the field of arteriovenous aneurysm, believed that dilatation of the artery 
occurred only after the lapse of yeais'^ This was tiue 111 his experimental 
animals Of the six clinical cases w'hich he leported dilatation was seen onh 
in those of long duration 

According to Holman's 1 lew based largely on extensive experimentation, 
proximal dilatation of the artery is to be explained on purely physiologic 
grounds It is dependent primarily on an increase m the total volume of the 
circulating blood and more particularly on an increase in blood flow' through 
the fistulous zone This increase is one of the compensatory changes neces- 
sary to rectify the fall 111 blood pressure incident to the greatly decreased 
peiipheral resistance 111 the piesence of a fistula This theor) implies dilatation 
of the arter} 111 all instances of arteriovenous aneurysm, at an} rate in all 
instances of long duration, and this does not appear to be the case 

Regardless of the incidence of, and the theory to account for, proximal 
dilatation of the artery, extraordinary dilatation of the artery entering the 
aneurysm is rare This communication is concerned w'lth such dilatations 
and their significance It therefore is appropriate to refer to the reported 
cases In Callender s list are four cases, all from an early period, and all 
fatal The first is Beaumont s,"* in which the superficial femoral arteiw' w'as 
great!} dilated admitting two fingers The common femoral and external 
iliac arteries thioughout then course were equal!} dilated, somewhat thinned, 
but otheiwisc health} In Fitzgeralds® case, reported 111 1878. the popliteal 
alter} aboie the arteriovenous aneur}sm was somewhat dilated, the femoral 
arter} was great!} dilated, but the external and common iliac were much 

* Read before the New York Surgical Socieh April 12, 1044 
Reccned for publication March 25 1944 
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more so, having a circumference three times that of the opposite side The 
dilatation terminated abruptly at the upper end of the common iliac artery 
m a thin-walled prominent sacculus The elongation and tortuosity of the 
dilated aiteries were as prominent as the dilatation The third case was 
lepoited by O’Grady® There was a remarkable dilatation of the external 
iliac artery, which approached the abdominal aorta in size Resembling a 
sausage, it was distended and tortuous, suggesting a coil of small intestine 
Lucas-Championniere’s’’’ case, also, was one of remarkable dilatation of the 
femoral and iliac arteries 



* Fig I — Ctise i Roentgenogram showing the enlargement of the 

cardiac shadow 

It is impossible to ascei tain what role was played by the marked oi extreme 
dilatation of the arteiies in the repoited cases Indeed no particular clinical 
significance appeals to have been asciibed to any degiee of dilatation of the 
proximal artery, despite the fact that thinning of the wall is as characteristic as 
tortuosity and dilatation of the vessel Although there are undoubtedly othei 
reported instances, I have found only one case lepoit m i\hich the arter\ 
was described as' presenting a problem at the time of operation Reid and 
McGuire® report a case in which the femoral artery just proximal to the^ 
arteriovenous aneurysm “was the largest artery Reid had ever ligated, more 
than one inch in diameter Its wall was so thin that blood actually oozed 
through it proximally when the ligature of tape was tied The bleeding stopped 
under gentle pressure with gauze 
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The possible problem arising out of the more severe forms of dilatation is 
to be seen in the case herewith reported (Case i), which is not intended to 
detail all the features of interest 


Case I — Mt Sinai Hospital No 490586 I H S, age 58, was admitted in mild 
heart failure of short duration, with a histoi}’^ of swelling of the left leg of three 
weeks’ duration, and with an obvious popliteal arteriovenous aneurysm , The latter was 
the result of a stab wound sustained 40 years before There were few if ahy symptoms 
referable either to the aneurysm or the cardiac status over this period of many years 
The outstanding local feature, in addition to the usual evidence of popliteal arteriovenous 
aneurysm, was an enormous tortuous dilatation of the femoral artery throughout its 
course This is illustrated in the diodrast visualization of the artery (Figs i and 2) 
There also is to be noted diffuse calcification of the vessel (Fig 3) The cardiac 
lesion appeared to be a combination of mitral stenosis and insufficiency (Fig 4) Because 
of fever which was piesent without obvious cause, a blood culture vas taken, which 
revealed diphtheroid bacilli 


The possibility of the aneurysm as the 
source of the bacteremia was entertained, 
particularly in view of the extraordinary 
case reported recently from our surgical 
service by Touroff It was also thought 
that the cure of the aneur3’^sm might im- 
prove the cardiac status as it has in other 
cases Accordingly, an obliterative endo- 
aneurysmorrhaphy was performed The 
interior of the sac disclosed no vegetations 
The operation was uneventful 

The postoperative course was unin- 
fluenced both as regards the bacteremia 
and the size of the heart There was no 
recurrence of the aneurj^sm The possi- 
bilit}’’ remained that the enormousl}’’ dilated 
femoral artery might contain vegetations 
from which the bacteremia was derived, 
and act as the aneurysm might have done 
to produce heart failure Three weeks after 
aneurysmorrhaphy the femoral artery was 
excised under local anesthesia The in- 
terior of the artery disclosed no vegetations 
and it was, therefore, assumed that a vege- 
tative cndocai ditts was the souice of the 
bacteremia 

The postoperative course again ap- 
peared to be uninfluenced by operation 
Death occurred suddenly a week after oper- 
ation, apparently the result of a cerebral 
vascular accident The features of the 
autopsy (P M No 12247) of special inter- 
est were 

Hypertrophy and dilatation of all cham- 
bers of the heart, subacute bacterial endo- 



carditis involving the aortic valve (from 
which tlie same diphtheroid organism was 


Fig 2 — Case i Roentgenogram showing the 
calcification m the wall of the greatlj dilated 
femoral artery 
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growti as m tiic blood sticam), and ddatalion of the diae artcr) on tlic affected side 
(as ^\cll as some general dilatation of the aorta) 

The case of infected dissecting aneutysin (ot infected henidtoma in 
aneurysmal dilatation) of the iliac artery following arteriovenous fistula of the 
femoral vessels, is as follows 

Case 2 — Mt Sinai Hospital No 502552 W L , a physician, age 48, was admitted, 
March 8, 1943, with the history of a bullet wound in the lower left thigh sustained when 
eight years old Thereafter, there was always some slight swelling of the left leg 

In- 3 Tig 4 



Fig 3 —Case i Roentgenogram following injection 'of diodrast into the femoral arterj Tortuosity 
and dilatation of the femoral and popliteal arteries are pronounced 
Fig 4 -Case i Lentgenograms taken immediatelj after that shown in Figure 3 The saceular dilata 
tions between arterj md aein and the dilat.tion of the popliteal aein arc revealed 


lliroughout many jcais he \\ds cntirclv symptom-free, and engaged in active practice 
Excessive pulsation 111 the left inguinal region and thigh had always been noted 
Apparently the onfi' s) mptoni that led to an operation upon the arteriovenous fistula, 
in 1934, was an episode of pain in the posterior aspect of the thigh (in 1933) Opera- 
tion was performed by J dej Pemberton of the ifajo Clinic, in i934, vho kindly 
provided data which arc abstracted as follows 
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Enlargement of left leg with distention of tlie superficial veins Thrill and bruit 
over the arteriovenous fistula, cardiac hypertrophy Blood pressure 120/60 Operation 
consisted of excision of a segment of the left femoral artery and vein, which included 
the arteriovenous fistula (opening about i cm in diameter) 

The arteriovenous aneurjsm was cured, and there is not the slightest trace of any 
recurrence Apparently it was assumed that the pulsating mass in the inguinal region 
would recede, but it remained unchanged In recent jears there were occasional cramps 
m the left calf on brisk walking There have been no other symptoms 

Five days before admission dull ache in the left inguinal region began, with feverish- 
ness and anorexia The aching pain increased graduallv in intensitv The daj before 
admission there was a five-minute chill 

On admission, the cardiac and general phjsical examination revealed no abnor- 
malities Approximatelj normal cardiac contours were noted in the chest films 
The incisional scar at the site of repair of the arteriovenous aneurysm was free from anj 
pulsation, and established that the aneurjsm was cured In the left inguinal and iliac 
region was a prominent, sausage-like pulsating mass with redness of the overlying skin 
(no local medication had been applied) Forcible pulsation was visible and palpable 
The area of aneurvsmal dilatation, which obviously involved the iliac arterj, appeared 
to extend upwards to involve the whole length of that vessel (including the common 
iliac ^) The left leg was larger than the right, with superficial veins somewhat 
engorged In the upper thigh the circumference on the right side was 50 cm, on the 
left, 54 5 cm At the lower thigh, the right measured 40, the left 43 cm 

The studj of the circulatorj djnamics was made by Dr W M Hitzig With an 
initial venous pressure of 6 cm there was no rise on compression of the right upper 
quadrant The circulation tirne of “arm-to-tongue” (decholm) was ii seconds Thus, 
the cardiovascular dynamics were normal 

The diagnosis and decision as to procedure were arrived at after a short period 
of observation There was persistent pain m the thigh and leg, and persistent wannth 
and redness over the inguinal mass On the day of admission there was a five-minute 
chill with slight rise m temperature, but the next* day a fifteen-minute chill occurred, 
with temperature of 1046° F A blood culture was negative, Wassermann negative 
Operation was performed on the second daj after admission, with the diagnosis of 
an infective lesion within the greatly dilated iliac artery A liberal extraperitoneal 
approach exposed the mass from the bifurcation of the aorta to the inguinal ligament 
The low’er portion of the incision was extended to the thigh in order to expose the 
upper portion of the femoral arterj The peritoneum was exposed and stripped avvaj 
to the midline The cellular tissue overlying the mass was acutely inflamed, edematous, 
and adherent The mass was a pulsating, enormously dilated external and common iliac 
artery It extended upwards to within 3 or 4 cm of the bifurcation of the aorta, where 
it narrowed abruptly to the normal size of the common iliac artery Similarly, at the 
lower end the mass narrowed down to an apparently obliterated femoral artery just 
below Poupart’s ligament The shape and size of the mass are best seen in Figure 5 On 
palpation, the sausage-hke mass appeared to transmit pulsation although some measure 
of through pulsation could not be excluded Only towards the end of the dissection 
was the iliac vein identified as a thick-walled, collapsed, tape-like structure adherent 
to the deep surface of the dilated artery 

The aneurjsmally-dilated artery was removed completelj Under good visualization 
the vessel was exposed a short distance below the bifurcation of the aorta It was 
severed between stout silk ligatures at the point of narrowing immediately above the 
dilated sac The release of the sac was earned out from above downwards by sharp 
and blunt dissection through a good plane of cleavage from an encasing inflammatory 
connective tissue layer No significant vessel was encountered until the inguinal ligament 
was approached A large arterial trunk, which maj' have been the internal ihac artery, 
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was there encountered and was severed between ligatures The release was continued 
a short distance on the thigh below the termination of the mass, at which level the 
old operative field was entered There appeared to be complete obliteration at the point 
of severance of the femoral artery The wound was closed in layers 

The specimen pioved to be a dissecting aneurysm of the iliac artery It was i6 
cm long, with a circumference of 15 cm at its widest proximal portion, and an average 
of II cm over the distal portion The sac terminated below in the completely 

Tic 5 



Fio 6 

Tic 5 — Case 2 Photograph of the excised aneur>sra of the iliac artery 
Pig 6 — Case 2 Photograph of the specimen opened, showing a dissecting aneiirjsm, iMth an adherent, 

infected blood clot 

obliterated femoral artery with a grayish-wlute homogeneous tissue laid down in con- 
centric layers The lumen was occupied by blood clot In the proximal portion the 
thrombus was pmkish-gray, adherent, and partly organized A partial lumen could 
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be identified In the distal 7 cm there was complete occlusion, chiefly by adherent 
grayish material Part of this old, obviously infected clot was semisolid and free The 
mtima, to which the blood clot was for the most part loosely adherent, was continuous 
in one area and in another area (as seen in Figure 6) was detached by the blood 
which has dissected beneath it Calcification could be felt beneath the intima The 
wall of the artery measured between 2 and 3 millimeters 

The microscopic examination revealed thinning, atrophy, and arteriosclerosis of 
the wall of the artery, with infected thrombus containing gram-positive cocci (culture 
taken at the time of operation was reported enterococcus) The microscopic examinatioh 
of the adjacent \ein confirmed the impression derived from gross examination, namely, 
phlebosclerosis with complete obliteration of the lumen by fibrosed thrombus 

The postoperative course was uneventful The temperature reached normal levels 
by the third day and remained so thereaftei There was increased warmth over the 
left leg for a period of about ten days, presumably due to the severance of sympathetic 
fibers The blood pressuie remained unchanged The wound healed per pnmam The 
patient left the hospital about three weeks after operation There was some weakness 
m the left leg for several weeks thereafter There has been no appreciable edema, and 
there is now (one jear after operation) no difference m size between the two legs The 
patient remains quite symptom-free 

Discussion — These two cases provide a commentary on some of the state- 
ments which have been made concerning dilatation of the artery proximal 
to the aneurysm In both instances the tiaumatic aneurysms date to child- 
hood, and thus offer support to the view that extreme dilatations probably 
depend on the duration of the lesion rather than the size of the arteriovenous 
fistula In neither case can the enormous proximal dilatation be said to 
have contributed to the heart failure The first patient was symptom-free 
throughout the many years in which he earned both the aneurysm and the 
dilated femoral artery The second patient presented the characteristic reduc- 
tion m the size of the heart after the operative cure of the aneurysm The 
heart remained of normal size despite the presence of the ectatic iliac artery 
over a long period of time On the other hand it is noteworthy that the 
dilatation did not recede, as might have been anticipated, after the cure of 
the aneurysm had been achieved No clinical significance can, therefore, be 
attached to the mere presence of the extreme dilatation of the proximal artery 
in these two cases 

In the first case, operation v\ as performed primarily because of the possible 
source of bacteremia from vegetations within the aneurysm or the dilated 
proximal artery This prov'^ed to be inconect, for the source was found 
to be within the heart Howevei, the same assumption might prove to be 
correct in another case In the second case, the source of infection was the 
infected thrombus within the dilated iliac artery Although the blood 
culture was negative, the chills and fevei before operation not only indicated 
a patent blood stream communicating with the aneurysm but also the likeli- 
hood of a positive culture if operation had not intervened 

Concerning the possible usefulness in circulatory dynamics of the dilated 
proximal artery these two cases appear to demonstrate that, insofar as extreme 
dilatations are concerned, no desirable feature can be ascertained The 
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dilated atrophic channels appear to be nothing more than blood sewers calling 
for additional cardiac effort to push their contents along On theoretic 
grounds, it can be said that their elimination should improve cardiovasculai 
dynamics On the basis of the reported case it can be said that their presence 
comprises a menace 


CONCLUSION 

' Severe grades of dilatation of the proximal artery in cases of arteriovenous 
aneurysm of the popliteal oi femoral vessels should be treated by excision 
of the dilated artery In the presence of infection within the ectatic artery 
excision is imperative 
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Tins CASE seems MOith leportmg because of the small numbei of aoitic 
ligations on lecoid 

Case Report— The patient was a man, age 6i There was nothing of interest m 
his past history, except an attack of lertigo four and one-half years before, followed by 
deafness * 

He was first seen at this hospital, December 2, 1942, complaining of severe epi- 
gastric pam which had come on suddenly two days before, and had been present without 
respite ever since There was no history of an> previous gastro-intestmal symptoms and 
no radiation of pain 

Physical examination showed a well-nounshed man in evident pam No important 
abnormalities werO evident except in the abdomen The heart showed no murmurs, 
and the rate and rhjthm were regular Blood pressure 140/90 There was no abdominal 
rigidity, but there was marked epigastric tenderness, and a mass, which was thought to 
pulsate in an expansile manner, was felt below and somewhat to the left of the umbilicus 
All deep reflexes seemed normal 

Urine Sp gr 1018, no albumin or sugar, and no red blood cells or pus Blood 
showed hemoglobin determination of 13 i Gm per 100 cc blood, red blood cells 4,200,000, 
leukocytes 6,150 Kline exclusion test for syphilis was negative 

Electrocardiogram, December 17, 1942, showed large Q waves m leads II and III, 
with elevated ST segments in leads II and III, and deeply inverted T waves m leads 
II and III Precordial lead CF V showed depression of the ST segment The changes 
were believed to be typically those of an acute posterior myocardial infarction In 
addition, a tentative diagnosis of abdominal aortic aneurysm was made 

He remained in the hospital 21 days During this tune his blood pressure remained 
about where it was on admission He was discharged on December 26, 1942, and 
returned for observation on January 30, and February 20, 1943 He seemed to be doing 
well His blood pressme had risen to about 170/110 

On March 3, 1943, following unwise exertion, he had severe abdominal pain, col- 
lapsed, and was brought to the hospital the next day He had diarrhea, urinary frequency, 
low abdominal pain, and his blood pressure was 50/^ 

Below the umbilicus, and to the left, a pulsating mass was noted about the size 
of a large orange, there was no bruit His pain ceased, and his blood pressure rose to 
110/70 on March 5 His urine showed red blood cells, albumin and granular casts 
On March 6 theie was another episode of lower abdominal pain, and his hemoglobin 
was found to be 7 9 Gm per 100 cc blood The patient seemed to be in shock 

On March 7 the condition remained about the same The hemoglobin was 62 Gm 
per 100 cc blood, and the mass had increased in size, filling the left side of the lower 
abdomen and extending along the flank 

The possibility of a ruptured ectopic kidney was suggested, though the diagnosis 
thought to be more probable was rupture of an abdominal aneurysm ' 

The patient’s condition was desperate and it seemed best, m view of the possibility, 
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slight as It was, of there being a ruptured kidney, to give him the benefit of the doubt 
and explore the abdominal tumor At this time his blood pressure was 105/70, and 
the hemoglobin was read at 6 2 Gm per 100 cc blood He was prepared by giving a 
transfusion of about a pint of blood When taken to the operating room, his blood 
pressure was 110/70 Arrangements were made to start another transfusion at the 
beginning of the operation The patient was laid slightly on the right side with the left 
side supported by pads, raising it a few inches from the table ' 

Opeiation — Under ethylene gas, an incision was made similar to the continuation 
of the ordinary incision for exposing a kidney, and ran from near the tip of the twelfth 
rib down into the inguinal region The fibers of the external oblique muscles were 
separated, and those of the internal oblique and transiersahs cut across A great mass 
of clotted blood was found and evacuated The viscera were pushed upward and what 
was evidently a ruptured aneurysm exposed Up to this point there had been no fresh 
bleeding, but it now started again Quickly, using the index finger, the aorta above the 
aneurysm was dissected, encircled, grasped and corhpressed, completely controlling the 
bleeding There was found to be a rather long tear in the anterior surface of the 
aneurysmal sac, which contained blood clot, and two openings, which were supposed 
to be the rough sc/erotic orifices of the common iliacs, could be palpated After due 
consideration, there seemed no alternative other than to ligate the aorta, which was 
done with two layers of ribbon gut Two cigarette drains were then inserted to the 
region of the aneurysm and the Wound rapidly repaired The duration of the operation 
was a little less than one hour, during which time the patient received another pint 
of blood by transfusion His condition at the end of the operation was about the same 
as at the beginning No pulsations could be felt m any of the arteries of the leg 
Postoperative Course — That evening, two hours postoperative, his blood pressure 
was 148/76, pulse 150 

The following morning his blood pressure was 140/70, pulse no, and the patient 
recognized his attendants His legs were cool, but not cold, nor discolored, but he did 
not move them, and there was no pulsation m any arteries 

Suddenly, at ii 45 a jr , he developed Cheyne-Stokes’ respirations, his pulse and 
blood pressure became imperceptible, and he died 20 minutes later There was no sign 
of hemorrhage along the drams 

Unfortunately, his sister (his only relative), though she was a trained nurse, 
would not give permission for an autopsy, m spite of many efforts made to persuade her 

Comment We should like to have learned the exact cause of death, 
which may have been pulmonary embolism or coronary thrombosis We did 
not think it was due to fresh hemorrhages from the aneurysm We should 
also have liked to have observed the site of the ligation, for it would have been 
bettei judgment to have used cotton tape instead of an absorbable ligature 
foi such a laige vessel 

In 1940, Elkin lepoited on all cases of ligation of the aoita reported up to 
that time He found 13 instances of complete ligation Only one of the 
patients survived the opeiation Five lived 24 hours 01 longer, one, 65 hours 
Our patient survived the operation 18 hours 

Matas reported a patient who survived ligation one year and five months, 
dying then from tuberculosis, but this was not a complete ligation, for the 
aoita was found to be patent at autopsy 

Brooks leported a patient wdio sunaved ligation for three months, dying 
then of intestinal obstruction He had leturned to his work as a truck dinei 
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in the interim, apparently ^Mthout any impaiiment of circulation below the 
ligature In this case, ho^^ever, the aneuiysm, of luetic origin, was very 
large and of long duiation, and there had been development of collateral 
circulation previous to the ligation 
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r 

The ever widening scope of abdominal surgery has encompassed within 
the past twenty years the intriguing and difficult operative procedures upon 
.the pancreas A common sequela of such operations has been the advertent 
or madveitent creation of a pancreatic fistula associated with the host of 
problems attendant upon such a lesult Opportunities to study and record 
the effects of the continued loss of pancieatic fluid upon the human have 
been rare although the problem has been given detailed attention in the 
expel imental animal It has been our privilege to have under observ'^ation 
for varying periods of time thiee patients Mith pancreatic fistulae of \arjing 
degrees of severity, one of which was producing as much as i,7CX3 cc of 
pancreatic juice a da}' This amount is in great contrast to the quantity of 
pancreatic juice lost in manv of the cases reported in the literature, where 
the average ranges fiom 250 to 500 cc in 24 hours 

An unusual privilege was afforded to make observations in one of these 
cases 1 lie amount of pancreatic fluid secreted w'as large enough so that 
conclusions regaiding the various aspects of flow w'ere of great value Op- 
portunity was thus afforded to study 

1 The results of the continued loss of pancreatic fluid upon plasma 
electrolytes 

2 Replacement therapy to correct deficiencies produced in the plasma 
electrolyte pattern resulting from the loss of pancreatic fluid 

3 Drugs available to slow the flow of pancreatic juice 

4 The creation of a mechanical device to prevent irritation of the skin 
from pancreatic juice 

For purposes of oiientation it might be well to add here, parenthetically, 
that a number of causes may produce a pancreatic fistula Probably the most 
common etiologic factor is drainage of a pancreatic cyst, as marsupialization 
is the usual proceduie in the suigical treatment of this condition A fistula 
may follow opeiation foi acute inflammatorv conditions or, in not so rare 
instances nowadays, may be the result of a stab or gunshot w'ound of the 
abdomen Opeiative injury to the pancreas with the creation of a fistula 
may follow surgerv eithei upon that particular organ or upon one of the 
adjacent structures 

As far as treatment of such fistulae is concerned, it is our feeling that all 
such fistulae cannot be treated in the same manner E\en as other specific 
surgical conditions these demand individual variations m therapy We are 
certain that the patient should be restored to a metabolic normal before the 
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idea of surgery is entei tamed Then, an additional period of observation 
IS indicated to peimit spontaneous closure If, aftei a reasonable period, 
such a closure does not occui, surgical intervention is justified The three 
case reports vhich follow exemplify this concept 

One patient fiom this small group is illustrative of the most severe t)-pe 
of change in electrolyte and nutritional balance which may be seen resulting 
from any abdominal fistula He is a 25-year-old white male, who sustained 
a severe perforating wound of the abdomen from a shell fragment Details 
of the immediate care are lacking, but the patient does mention receiving 
250 cc of plasma preoperatively Available records indicate that when 
celiotomy was performed on the day of injury a small stellate laceration 
of the upper surface of the liver, perforation of the gallbladder, laceration of 
the stomach and a retroduodenal hematoma were found Although specific 
mention of pancreatic damage w'as not made on the brief operative note, 
injury was present, as proven by the subsequent development of an external 
pancreatic fistula The various injuries w'ere sutured, although the hepatic 
laceration was not disturbed, as a hemorrliage fiom it w^as not seen His 
postoperative course w'as somewhat storm) Effective supportive treatment 
111 the form of suction siphonage and sodium sulfathiazole intravenously, 
combined with excellent surgical care, carried this individual through a 
rather dangerous period 

The first mention of a pancreatic fistula was made on the 13th post- 
operative day Fne days later a catheter was inserted into the tract and 
negative pressure by means of a w^ater-suction device applied Subsequently, 
considerable maceration of the skin surrounding the site of drainage was noted 

Laboratory data obtained at this time were of more than usual interest 
A moderate degree of anemia was associated with a somewhat severe 
leukocytosis Collection and examination of the fluid draining fiom the 
fistula proved that it was of pancreatic origin The diastase value of this 
fluid was reported to be extremely high, 160,000 units per cc It contained 
a small amount of trypsin, and its pn range was from 7 5 to 8 o The value 
for blood diastase was 320 units pei cc , while that of the urine was 1,600 
units per cc Anal) sis of the stool for fat content revealed a relatively 
normal value of about 24 per cent 

His general condition was considered satisfactory enough to justify celiot- 
omy for correction of the fistula, which was performed about one month after 
injury Entrance into the peritoneal cavity w'as gained through a left upper 
rectus incision, wuth retraction of the muscle The fistula was isolated, the 
dissection carried down through the gastrocolic omentum to the head of the 
pancreas, and the metallic foreign body w^hich had pioduced the injury W'as 
located between tlie anrta and the duodenum Adhesions in this area w'ere 
marked, so that after due reflection upon the technical difficulties presented, 
the origin of the fistula was simply closed, the tract resected, closure of the 
abdominal w^all and insertions of drains were performed 111 the customary 
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nianiiei Howevei, diainage of pancreatic fluid was again noted soon 
after operation 

Notwithstanding this, impi ovement took place, and subsequently he Avas 
considered in a satisfactory cdndition to be evacuated to a Base Hospitaf in 
the United States Upon admission to this hospital, a little less than four 
months after injury, the patient was found to be in a dehydiated, emaciated 
state, having lost 45 pounds 111 weight The slightest exertion brought on 
undue dyspnea and fatigue Anorexia was marked, and even the most 
tempting food failed to arouse his appetite Lethargy and lack of interest 
in his ' environment was profound Examination revealed little save what 
has been pieviously mentioned A pancreatic fistula was found in a partially 
healed paramedian incision in the left uppei quadrant Studies of the indi- 
vidual blood constituents, made shoi tly aftei admission, revealed that marked 
deviations from normal were present The hematocrit on initial examination 
was found to be 44 pei cent, a relatively normal determination if it were 
not for the fact that this individual was maikedly dehydrated, and had 
suffered a great change m his fluid balance Plasma sodium was found to be 
1133 milli-equivalents in marked contrast to a normal value of 142 milli- 
equivalents, and emphasizes the lather serious loss of base which had occuired 
Marked diminution of the plasma chlorides was also present, the plasma 
chloride value being 91 2 compaied to the noimal of 103 milh-equivalents The 
total serum protein was 7 96 Gm pei cent, of which 4 92 Gm were albumin 
and 304 Gm were globulin (Normal serum protein is 70 Gm per liter) 

Loss of pancreatic fluid vaiied from about 1,000 to 1,770 cc 111 24 hours 
The flow was found to be quite continuous, and the predominant basic ion, 
sodium, was present in an amount almost approximating the quantity found 
111 plasma itself The bicarbonate ion was a major constituent of the cations 
m the fluid 

The pancreatic juice collected through this external fistula contained a 
considerable concentration of calcium, which would, in the absence of the 
fistula, have been secreted into the upper intestinal tract This we feel is 
a previously unrecognized fact in calcium metabolism Examination of a 
pooled specimen revealed a concentration of 2 2 mg pei cent This figure 
is moie significant if one recalls that the value of the diffusible calcium of 
the plasma is about 5 5 mg pei cent In this particular instance 40 pei cent 
of the total diffusible calcium of the blood, plasma was being lost Bone 
demineralization was not found by roentgenologic examination 

We were gradually led into making a senes of physiologic obseivations 
while pursuing corrective surgical therapy These will be reported in detail 
elsewheie Obviously, the patient was not m condition at, or shortly after, 
the time of admission for operative treatment, and he was, therefore, prepared 
for eventual surgical coirection of the fistula As a matter of record the 
fistula closed spontaneously, and this fact is of major importance Spon- 
taneous closure occurred at a time when Ave considered the patient to have 
reached maximum preoperatiA'^e improvement At this time, concentration 
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of the vaiious plasma electiolytes \\as ^Mthln normal limits and the patient 
was 111 a positive nitrogen balance, having gamed about 30 pounds in u eight 
However, to leveit to the sequence of cucumstances attendant upon admission. 
It should be noted that the fistula was pioducmg fluid m such quantities 
that although spontaneous closure w^as consideied, it w^as thought not quite 
possible This episode, again, substantiates the fact that w^ounds of any 
sort are more prone to heal if noimal physiologic and metabolic conditions 
aie restored 

The patient was placed on a high protein, high caloric diet, but dm mg 
his eaily days of hospitalization he had but little appetite and, at times, 
even refused fluids Solutions of physiologic saline and glucose were admin- 
istered intravenously when fluid intake ^diopped below estimated lequiie- 
ments After several days of caie his appetite returned Food 111 relatively 
large amounts was easily taken, and a faiily rapid gam m weight ensued 
Five weeks after admission, the plasma electiolyte pattern had assumed a 
1 datively noimal foim Evidence of a modeiate degiee of anemia was 
still present, as the red cell count was 3,500,000 per cc , and the hemoglobin 
content 102 Gm /lOo cc One thousand cubic centimeters of citiated whole 
blood w^as administered to the patient at this time Subsequent determinations 
revealed that the number of erythrocytes had iisen to 4,310,000 per cc , and 
the hemoglobin to 13 8 Gm /loo cc 

The collection of pancreatic juice from the' fistula proved an exasperating 
problem during the early days In addition to a desire to collect the fluid 
foi oral administration, the surrounding skin had to be protected A third 
consideration w^as the wush to have a method of collection w^iich was complete, 
111 order that some conclusions regarding volume secretion might be drawn 
w'hen various drugs were administered Seveial forms of apparatus, all 
employing a catheter and some type of suction w^ere tried, before a satis- 
factory mechanical device w^as made We finally settled upon the following 

The rubber bulb of an Asepto syringe was perforated at the top and a 
No 14 Fiench urethral catheter was passed completely through it (Fig i) 
The rounded tip of the- catheter was cut off and a second hole made in the 
catheter just at the point wdiere it passed through the bulb Three pieces of 
Penrose dram 40 cm long and 3 cm wide, were perfoiated longitudinally 
at then, middle and placed over the projecting end of the bulb (Fig 2) 
The ends of the diains weie covered with adhesive and attached, as show^n 
m Figure 3. to a second piece of adhesive tape or the familial “Montgomery 
tape ” A piece of roller bandage w'as placed between the two strips of 
adhesive, tightened to the necessary degree, and tied The catheter was 
connected to a water suction with provision for maintaining a negative 
pressure of about 10 cm of w^ater This not only provided for removal of 
the accumulated pancreatic secretion but pioduced a negative pressure 
differential which tended to seal the bulb in place The bulb was further 
stabilized m its position by the elastic bands described above (Fig 4) 
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In addition a thin mixture oi akiminnni paste ^^as used on the skm to 
advantage 

Of the many drugs that u ere used to influenee flow through the external 
fistula, three w ill be but brief!} discussed at this tune 

A Ephedrine proved an effective means of diminishing the amount of 
collected pancreatic juice 

B Epinephrine acted as expected, the effect being similar to ephedrine, 
although much more dramatic in rapidity of onset and diminution 
of flow 

C Atropine produced a marked decrease m pancreatic secretion 
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the ocncnl ton^truction of the coUecting aiipaiaUis emplojtd 


Two Other patients, who suffered from a pancreatic fistula, were also 
subjected to observation One was a 24-year-old white male, who sustained 
an abdominal injury m an automobile accident Peisistent abdominal pain 
was present for about three weeks and, when he was latei admitted to a 
hospital, a large tender mass was found in the epigastrium Celiotoni} was 
performed on the third day of his hospital stay, and marsupialization of a 
pancreatic cyst was accomplished He was eventually submitted to our care 
with a history of drainage of about 500 cc of pancreatic fluid a dai 
from the fistula created at operation 

Physical 'examination revealed normal findings, -with the exception of 
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those in the abdomen A fistulous opening was present in an otherwise 
healed left midrectus incision, and from it a colorless fluid drained 

The results of laboratoiy examinations at the time of admission showed 
R B C, 5080,000, Hb 900 pel cent, W B C 1^,300, hematocrit 468 
per cent , sed 1 ate o 60 Mm /min , N P N 24 8 mg per cent , serum protein 
6 98 Gm per cent, serum albumin 4 50 Gm per cent, serum globulin 2 47 
Gm per cent , chloride 96 o m eq/L , carbon dioxide combining power 30 9 
m eq/L , prothrombin time 26 o secs 
Under hospital care, the quantity 
of pancreatic fluid lost through the 
external fistula gradually decreased 
and spontaneous closure occurred 
about five weeks aftei admission It 
was felt here, that a waiting period, 
with the patient in an optimum met- 
abolic state, was justified to permit 
nonoperative closure 

The idea that this period of ob- 
servation might become too long was 
considered in the third case of this 
series This patient w as a 26-year-old 
white male, who, on arrival o^erseas, 
suffered from abdominal cramps, 
nausea, and vomiting A short period 
of hospitalization resulted m relief, 
and dischaige from medical care Several episodes of similar character 
occurred, and after a paiticulaily acute period of severe abdominal pain, 
a diagnosis of acute hemonhagic pancreatitis was mad.e Celiotomy was 
performed, and an abscess involving the pancreas and lesser sac v as 
encountered, incised and drained The patient did well after operation, 
but a pancreatic fistula was noted shortly after surgery, which persisted to 
the time of admission to our hospital 

Examination revealed little except marked emaciation and weakness 
A fistula from \\hich pancreatic fluid was flowing w^as found in the left 
subcostal area 

The results of laboratory examinations showed R B C 4,280,000, Hb 
124 Gm , W B C 6,200, hematocrit 38 8 per cent, sed rate o 6 Mm /min , 
N P N 28 9 mg pei cent , serum protein, 6 85 Gm per cent, sodium 
1406 m eq/L , chloride 1030 m eq/L , carbon dioxide combining power 
31 2 m ecj/L These findings w'lth the exception of a moderate degree of 
.lueniia and elevation of CO_ combining pow'ei are w'lthm normal limits 
Aftei completion of clinical and laboratory observation, decision w'as 
made to subject this individual to surgical exploration and correction of the 
fistula The peiiod of observation and preparation had been 21 days This 
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decision was based upon seveial facts, the chief of which was that the fistula 
had been present for about five months Second, the clinical laboratory studies 
demonstrated findings within normal limits Third, sufficient time had been 
allowed for spontaneous closuie to have occurred under these favorable 
circumstances Fouith, theie was considerable doubt in our minds as to 
the validity of the ougmal diagnosis for i Theie had been gradual rise in 
the left leaf of the diaphragm, as demonstrated roentgenologically 2 A pal- 
pable mass had appealed m the upper abdomen 3 The youth of the patient, 
coupled with the total absence of any previous i elated illness, suggested the 
impression of a pievious eiroi in diagnosis, as the expected appeal ance of 
acute panel eatitis in an individual of this age and build would be sta- 
tistically low 

A Iransreise incision uas nude m the uppei abdomen encircling the 
external orifice of the fistula after which dissection to the pancreas was 
facilitated by following the couise of the tract The lesser sac was entered 
through an apeiture in the gastrocolic omentum near the greater curvature 
of the stomach The pancreas was found to be enlaiged, firm and rubbery 
m consistence Theie were no individual masses in the panel eas, and its 
texture was similai thioughout the entire length The dissection of the 
fistulous tract was resumed, following this exploratory palpation, and it 
was found that it continued into the head of the gland Because of the small 
internal diameter of the fistula, and the fact that an opening into the digestive 
tract need not be made if transplantation were not effected, the procedure 
of choice seemed to be ligation of the tract as close as possible to the pancreas 
and subsequent excision of the fistula This was done, and when the tract 
was cut across at its proxim’al end a model ate amount of amorphous cal- 
careous material was discoveied and enucleated The gastrocolic omentum 
was repaiied by suture, and the wound closed m the usual manner 

The postoperative course was smooth for the first week Then the patient 
complained of moderately severe pain in the upper abdomen, and this com- 
plaint was associated with an elevation of temperatuie to 1028 F Exam- 
ination of the wound revealed the dischaige of a small amount of caseous 
necrotic material This peisisted and hei aided the recurrence of external 
pancreatic flow', which was noted file days after the original symptoms of 
abdominal pain The amount of fluid excreted was small and gradually 
deci eased undei a dietaiy legimen high m fat and low in carbohydrate 
content Ephedrine and sodium bicaibonate were administeied orally Com- 
plete cessation of flow was finally achieved although, subsequently, a slight 
flow was again noted for a short pei lod Complete closui e was finally obtained, 
and at present the wound has been entiiely healed for a long enough period 
that recurrence wQuld seem very unlikely *The patient is entirely ambulatory, 
and has regained his usual w'eight 

This case is exemplary of those patients w'lth fistula w'hose tracts do 
not close spontaneously when physiologic conditions appaiently are at, or 
aie neai, an optimal state for healing to occur It is felt that the calcareous 
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material removed at opeiation was a definite factoi in keeping the fibtula 
open, and that, if it weie not removed, that drainage might have persisted 
for a much longer time More complete recognition of the difficulties of a 
prolonged period of illness and the entailed economic upset, may induce the 
performance of operative procedure at a time when the patient has been fullv 
piepared and a sufficient length of time allowed to pass to permit spontaneous 
closure 

Certain conclusions legaiding the patients and then care should be 
emphasized 

1 Attention should be directed tow'ard a correction of the distuibed 
electrolyte content of the plasma Reemphasis is placed on the loss of large 
amounts of sodium and bicarbonate ions in the pancreatic juice 

2 Dehydiation is effected by two agencies Fluid is lost thiough the 
fistula, wnth base, and m an attempt to preset ve plasma ionic equilibrium 
acid radicles are excreted through the kidnej^s, and of necessity are accom- 
panied by water The administration of alkaline fluids, such as sodium 
bicarbonate solution, is not requisite to coirect this abnormal state Physio- 
logic saline wall provide the base while the bicaibonate ion, wdiich is produced 
as an end-product of cellular metabolism, is conseived in the blood stream 

3 As in other conditions in wdiich the economy of the body is greatly 
affected, hematocrit determinations and erythrocyte counts are helpful in 
evaluating hemoconcentration only when combined with clinical observation 
and other laboratory data Alone, they are of little value and may be mis- 
leading where an anemia and severe dehydiation are coexistent 

4 Anemia is a striking featuie of patients wffio are afflicted wuth the 
more severe types of fistula, as was encounteied in our fiist case Whole 
blood must be administered when necessary 

5 The lost pancreatic fluid should be collected and after being flavored, 
with grape juice for instance, given to the patient to drink The fluid is ideal 
for replacing the lost electrolytes 

6 The best type of diet seems to be one which is high in fat and low 
in carbohydrate content, as flow^ apparently tends to be reduced in volume 
when patients are on this legimen The -larious vitamins, especially A, 
non and‘ calcium, should be piovided in adequate amounts 

7 The use of ephedime is justified in these individuals /V definite 
deciease in external flow resulted fiom the admimstiation of this duig 

8 An effective method foi protection of the skin must be provided 
A combination of the mechanical device which w^as desciibed eaiher and 
aluminum paint has been found to be quite effective m achieving this end 

9 The surgical procedure of choice must be dictated by the individual 
circumstances It is our particular feeling that a conservative course, with 
attention to the many aspects of metabolism, will result m spontaneous closure 
of the fistula m the majority of cases If, after a sufficient period wnth the 
patient m an optimum condition, the fistula has not closed, surgical mter\en- 
tion IS justified 
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Evlky wlll prlp\rld surglon has a routine method for performing a 
stated operation, but he does not restrict himself to a routine operation for 
a given lesion Thus, he is prepared to var^ his operation for the removal 
of a diseased gallbladder or an ulcer of the stomach, for instance, according 
to the exigencies of the case 

However, m this countr}' a review of the literature shows that this has 
not been the case m the surgical treatment of acute perforations of gastro- 
duodenal ulcers The treatment foi this has been routine, namely, suture 
of the perfoiation and closure of the abdomen wuth or without drainage 
Some few surgeons once advocated occasional gastro-enterostoiny to relieve 
constriction resulting fiom closure But as Sallick wrote in 1936 “In this 
country gastric i esection for acute perforation is rarely advised ” 

The reasons for simple closure as often put forth by conservative surgeons 
and expressed b} Graham arc “The surgeon’s sole responsibility is to saee 
the patient At this time he does not have the responsibility of curing the 
ulcei All} operative proceduic directed tow’ard the cure of ulcer is unsound, 
meddlesome, and adds greatly (o the mortality as well as to the morbidity’’ 
He operated upon 36 consecutive cases of perforation without a death 
performing closure only Sixteen of these required subsequent operations 
Sallick said that 64 per cent of his cases were not relieved by simple closure 
Parker’s figures come exactly between these two , 50 per cent of his patients 
followed (in some cases for five years) did not remain w^ell 

The first gastric resection for perforated gastroduodenal ulcer w'as per- 
formed by Haberer m 1929 (B Neiss) Four years later Amos Graves 
wrote “The common presence of multiple peptic ulcers in German or Central 
luiropean patients with perforated peptic ulcer has encouraged German and 
•Vustriaii singeoiib to icsecl the stomach primarily — such surgery not onh 
cures the patient but is attended by a low mortality rate ” He adds almost 
apologetically “The study— is presented for its interest and not with the 
intention of encouraging the institution of surgical measures which seems 
too radical for the successful handling of the usual type of perforated peptic 
ulcer encounteied m North America” 

Howevei, aftti piesenting the good results of 144 cases from Schmieden’s 
Clinic and 4258 additional, he w'as compelled to this conclusion “Resections 
in good-risk Central European cases is probably justified because — 

1 The ulcers are multiple m 30 per cent of perforations 

2 Gastritis is usually present > 
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3 The pathologic condition cannot lie evaluated b} inspection and pal- 
pation alone 

4 Resections there are pei formed in 40-75 minutes 

5 Mortality is not ovei 5 per cent 

6 Technically easiei than m elective cases of peptic uldei 

7 Simple methods do not always cure and aie frequently followed by 
recurrences 

8 Resection later, in failures, carries a high mortality 

A few comments on the above points favoring resection are in order 
The first, of course, is the leason why some patients are operated upon 
for a perforated iilcei a second and thud time when only simple closure 
IS effected Lang repotted five deaths due to a second peifoiation that had 
been overlooked and two deaths fioni late postoperative perforation of 
another ulcei Most surgeons now admit the second point in all gastric 
ulcers Third, it is tiue that the peifoiation may be through a carcinomatous 
ulcer As for the time required for pi unary lesection. Serge Yudin (“Judine” 
in French Journals) reported in 1933 that of 212 cases of perforated gastro- 
duodenal ulcers m his clinic, t68 resections w’ere performed wuth a mortality 
of 6 per cent Of these he operated upon 60 per cent The other 40 per 
cent w'ere operated upon b\ his assistants “some even by young interns “ 
The usual time requiied in my cases was close to two hours — and still no 
deaths resulted Time is not so important as the anesthesia and post- 
operative care Reasons six seven, and eight given above are admitted bj- 
the conservative surgeon 

The list of European surgeons wdio prefer primary resection for per- 
forated gastroduodenal ulcer is a long one Of course, the} select their 
cases, and that shows that they are not restricting themselves to a routine 
procedure for this lesion The same factors influence the mortality rate 
for resection as for simple suture Yudin states that the number of hours 
elapsing after perforation is not the only deciding factor He wmuld resect in 
the case of a young person after 48 hours, wdiereas he would not resect in 
the case of an old patient even if the perforation w’^ere only tw^o hours old 
He selects those under 45 years of age for resections 

Friedman. Dreuter, Kuechel, and Richard favor radical operation in pei- 
forations up to six hours and not aftei nine houis Some surgeons are 
guided by the degree and extent of the peritonitis, and some by the general 
condition of the patient Yudin stresses the ^ irulence of the infection Hans 
Neuffer concluded that a case resected within the first four hours has the 
same chances as one resected for chiomc ulcei His tune limit for resection 
IS ten hours and the age 'limit fift} He emphasizes the need for selection 
It would seem to the aiithoi that the virulence of the infection may be 
extremely important because of the loss of one patient, age 45, in less than 
24 hours after simple closure, nine houis after perforation Niess, from 
Schmeiden’s clinic, found no relation betw'een mortality and duration of 
symptoms His figures were 
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Less than 6 houis 40 patients 3 deaths 

6 to 12 hours 15 patients i death 

12 to 24 hours 5 patients o deaths 

The statistics from clinics wheie simple closure of a perforation of a 
gastroduodenal ulcei is done as a routine show higher mortality figures for 
compaiable cases Theiefoie, let us examine the age-group that might 
he chosen foi lesection DeBake}’s leview showed that the mortality of 
(he cases sutiued m the fourth decade was 189 per cent, in the fifth it 
was 28 pei cent Likewise, the deaths resulting in those peiforated for only 
six houis totaled 105 pei cent, seven to twelve hours totaled 21 4 pei cent 
Graves’ collected cases showed 5589 simple closures wuth 1,450 deaths, 
01 259 pel cent, and for 2392 gasti ectomies, 321 deaths, or 134 per cent 
Of course, the latter were selected cases, but it is my thesis that gastrectomy 
by selection does not jeopaidi/e the patient’s life 

If, therefoie, it can be shown that primaiy resection is as feasible in 
America as m Europe without jeopardizing the patient’s chance for recovery 
and at the same time cuies him of his ulcer, the dictum of the conservatne 
suigeon may be f 01 gotten As for history, symptoms, signs, and laboratory 
findings in this senes, they conform to those of the large series 

Continuous spinal anesthesia wuth novocame is the anesthetic ot choice 
today Postoperative tieatment w'as the same as for a routine gastric 
lesection Sulfanilamide and sulfathiazole, three to four grams of each, 
are left m the abdomen Wangensteen’s tube, wnth suction, is left in as 
long as necessary Intra\enous glucose, amino-acids, vitamins and trans- 
fusion aie administeied Watei by mouth is usually given after 48 hours 
Usually the wound is closed wuthout drainage 

In the author's series theie was one case of postoperative pneumonia and 
two of wound dehiscence, one of w'hich was followed by' a vential hernia 
which has since been repaired 

The piesent senes consist of 12 consecutive cases, all males, from March 
9 > I 939 > to March ii, 1943 It includes eight resections and four sutures, 
and starts with^a resection Up to this time I had followed the traditional 
dictum of being content A\ith primary suture only, wnth one exception when 
I had added a gasti o-enterostomy 

It so happened that the fiist case of the series was a man age 60, an 
age commonly consideied too old for primary resection But this patient 
had had a perforated peptic ulcer sutured 14 years previously , had been on 
ulcer treatment most of the time since, and had only recently left anothei 
hospital where his doctor had discharged him as ‘'ciiied” aftei the "drip” 
tieatment He had been sent to Mt Sinai Hospital for roentgenologic exam- 
ination of his stomach by another doctor aitd had arrived too late He was 
put to bed and given a test meal, which showed a free acid of 4S-80 and a 
total acidity of 35-120 That night while m bed m the hospital he was 
seized with sudden severe upper abdominal pain and vomited Examination 
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revealed the usual genei ahzed board-Iike i igidit) and tenderness most marked 
m the upper abdomen He was operated upon less than tuo hours latei 
Much free fluid was found m the abdomen and a perforation about 8 kim 
m diameter in the anteiior wall of the stomach m the prepyloric region A 
typical Polya resection vas performed The pathologist reported a chronic 
peptic ulcer 13 Jim m diameter, chronic and subacute gastritis vith marked 
scarring, chronic polypoid gastritis, and regional peritonitis Nitrous oxide, 
oxygen and ether was the anesthetic The operation required t'w 0 hours The 
patient was given one transfusion postoperatively Recovery vas une\entful 
and the patient is well and happy today and not restricting his diet 

Twenty-three da}s latei, April i, 1939, I had occasion to operate upon 
m> next case of perforated peptic ulcer This time the patient was a strong 
man, age 30, vho had ruptured about six hours preMOusl} It uas onh 
logical to conclude that if the old man of 60 did well I had a better chance 
with this >oung man of 30, although the peif oration -was older His doctor 
telephoned me his patient had severe abdominal pain and that he had given' 
him dilaudid twice without relief To further questions he said the patient 
had had indigestion for three months and had been on a restricted diet His 
pain came on suddenly I told the doctor to send the patient into the hospital 
at once because it sounded like a perforated peptic ulcer, and I notified the 
hospital to prepare the operating room The patient was operated upon 
within one hour after admission Again, a Polya resection was performed 
with excellent result He left the hospital well on April 15, a sojourn 
of tw'o w'eeks 

After this auspicious start I no longer felt bound by conventions Table 
I shows the sequence and gives the essential information Inasmuch as 
there were no deaths in the gastrectomj' cases no criticism can be made that 
the results might have been better wnth suture alone No one’s life was 
jeopardized or sacrificed All cases were cured both of their perforations 
and their ulcers Their convalescence was not so long nor so limited m diet 
hs IS usually necessary for the cure of ulcer The average hospital stay 
^vas 23 days, the shortest w'as ii and the longest (due to a postoperative 
pneumonia) w'as 47 days 

On the other hand, gastric resections w’ere not performed as routine 
as w'ltness the four cases of suture onl\ In fact, I beliece that mj judgment 
was correct in selecting these cases for suture because three of them died and 
if resected, gastrectomy would have been blamed As it happened none fitted 
the required conditions for gastric resection These four show that it is not 
just one element alone which is the deciding factor m all cases Case 5 
45 years old, and had perforated at least seven hours before admission to 
the hospital He was adjudged toxic, had two ulcers, one perforated, and 
had streptococcus and B coh in culture from the peritoneum He died in 
less than 24 hours The second, aged 65, had perforated over 12 hours The 
third fatal case was only 38 years old, but had a large cirrhotic liver, proved 
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by biopsy He developed delirium ti emeus and jaundice postoperatively, and 
died in five days He was operated upon in the eaily hours of the morning, 
immediately befoie Case 12, a Negio, age 25, the last les^ction case of the 
senes The fourth suture case was age 52, an alcoholic who also developed 
delirium tremens, then a wound dehiscence which was resutured, and, 
finally, a large subphremc abscess which was drained He recovered I am 
sure not even the European surgeons would have resected anyone of 
these four 

Therefoie, I think it can safely be said that ■'in selected cases primaiy 
resection for perforated gasti oduodenal ulcers offers the patient a cure of 
Ins disease, it saves him fuithei ulcei tieatment and second operation It 
lemoves the danger of another perforation, and it does not increase the 
operative mortality above that of simple suture It does not add to his 
morbidity He is soon on an unrestricted diet It should supersede routine 
suture in younger patients in good condition 
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TWO CASE KEPOllTS, ONE MUETIPEB ATRESIA, AVITH SURVIVAL 
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FROM THE SURGICAL SERVICE OF DOCTOR E L ELIASOV 
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Atresia or the small intestine is a relatively rare condition, occurring 
once in eveiy 20,000 births, according to Webb and Wangensteen^ Re- 
coveries following suigical intervention are still more infrequent Fochens,^ 
in 1910, reported the first successful case, and Webb and Wangensteen,^ 
in 1 93 1) were able to collect onl}' nine instances of survival from the literature 
Ladd,’ m 1933, collected 14 successful suigical cases 

In 1941, Ladd and Gloss'* reported seven recoveries in 52 peisonal 
cases treated suigically at the Childien’s Hospital m Boston Cole, m 
discussing Ladd’s* paper in 1933, recoided seven cases of atiesia of the 
intestine at the St Louis Childien’s Hospital Four of these were treated 
by anastomosis and three by ileostomy, but none survived 

Atresia results from an arrest in development in the second or third 
month of fetal life This is a failure of recanalization of the intestinal 
tract following the obliteration of the original lumen betueen the fifth 
and tenth week by epithelial concrescences 

The sites of atresia m Ladd s'* 52 cases were In the duodenum m 5 , 
jejunum m 6, ileum m 34, ileocecal valve in 2, colon m 2, and multiple in 3 
Our successful case was multiple atiesia of the jejunum, and the other 
occuried in the midpoition of the small intestine or beginning third of the 
ileum As far as we Know, this is the second case of survival of multiple 
atresia of the small bouel The fiist case was lepoited in November, 1943, 
by Duncan, ct al ’’ 

Attention is directed to the condition by persistent vomiting and lack 
of normal meconium Ladd-* stressed the fact that the examination of the 
stools may be of aid in detei mining the presence of a complete occlusion 
Normal meconium contains keratinized epithelium from vernix caseosa in 
swallowed amniotic fluid This epithelium is easy to recognize (Farber’s 
test) and obviously is absent when complete obstruction exists 

Distention may or may not be a factor In atresia of the duodenum or 
high jejunum, it is absent or negligible 

The most valuable laboratory test is a plain film of the abdomen This 
shows distended loops of bowel and step-ladder levels in the erect posture 
Some additional mfoimation is obtained in having a roentgenogram taken 
in the head-down position Barium by mouth or rectum gives little further 

*Read before the Philadelphia Academy of Surgery, April 3, 1944 
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diagnostic aid Furthermore, it is not without danger, because the barium 
might clog the narrow lumen of the distal loops following anastomosis 
A greater danger is that of bronchopneumonia following aspiration of the 
vomited baiium Autopsies revealed bronchopneumonia in a high per- 
centage of the unsuccessful cases 

The diffeiential diagnosis is not difficult The two conditions which 
most nearly simulate it are atiesia of the esophagus and imperforate anus 
The inability to pass a stomach tube will identify the first, and simple 
inspection the latter Pyloric stenosis, as a rule, occurs later in life Obstruc- 
tion due to malrotation is not usually comiilete, and furthermore, celiotomy 
IS indicated in both conditions, so little harm lesults fiom mistaking one 
for the other 

The possibility of the aspiiation of gastric contents necessitates gastric 
lavage as a preoperative measuie, or one might considei inserting an inlying 
gastric tube Natuiall)'^, preopeiative tieatment includes liberal administra- 
tion of pai enteral fluids 

With this bnef resume of the condition, we wish to report the following 
two cases For those especially inteiested, we recommend the articles by 
Webb and Wangensteen,^ and Ladd,“ and the chapter on congenital atresia 
of the intestine and colon in Ladd and Gross' “Abdominal Surgery of Infancy 
and Childhood 


CASE REPORTS 

Case I — P H IS a colored male child whose birth was in every way normal One 
hour following all feedings he vomited, and at the end of 36 hours had been unable to 
retain anything He never passed meconium but had a stool which appeared to be 
an intestinal cast containing no lumen The vomitus was bile-stained and projectile 
m type Repeated enemas were ineffectual for fecal matter nor did they relieve the 
distention, which was prominent Visible peristalsis was noted crossing the abdomen 
and, on auscultation, high-pitched tinkles were heard Roentgenologic studies revealed 
an obstruction in the upper portion of the small bowel with marked distention of the 
stomach and duodenum 

After preparation with repeated hypodermoclyses of saline and glucose solution, 
plasma intravenously and gastiic aspiration, the chdd was operated upon at about the 
64th hour of life, Februarv 15, 1943 Preoperatively, he vas given atropine sulfate, 
gr ^Aooo Open-drop ether anesthesia was used The abdomen was opened through 
a left rectus incision^ At a point approximately ten inches from the ligament of Treitz, 
the obstruction was encountered in the form of an atresia Distal to this were found 
three sausage-shaped loops of bowel, blind at both ends and measuring 2 5, 2 and 6 cm 
m length Each segment had its own solitary blood supply The distal loop appeared 
to be connected with the ileum, and this was simply ligated with one piece of No 000 
catgut An open side-to-side isoperistaltic anastomosis was carried out between this 
markedly distended jejunum and the completely collapsed ileum, using No 00000 chromic 
catgut throughout The abdomen was closed in layers without drainage 

Postoperatively, the patient received frequent hypodermocljses of glucose and saline 
solution Fifty cubic centimeters of plasma were given intravenously for two days 
Twelve hours following operation, the temperature rose to 107° F but fell to normal 
on the following day A small abscess at the site of a retention suture was probably 
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responsible lor spikes of temperatuie up to io2°-io3° F duiing the fiist h\e dajs 
Following this, it '•eniained normal Because of the rathei marked jaundice, vitamin 
K \\as guen parenteralh as a prophylactic measure for nemonhage On the third 
postoperatne daj, the babj was started on breast milk, one-half ounce ever\ two hours 
Two bowel mo\ements occurred on the fourth postoperatne day After tins, improve- 
ment was rapid He was discharged from the hospital on 'ns 28th daj' of life in 
good condition 



t'lG - Drawing of findings at time of operation in Case i (P H ) 


On March 25, 1944, the babj weighed 14 pounds 10 ounces, and although he could 
not sit up alone, generall}^ he seemed fair!}"^ alert He has occasional episodes of 
\omiting, and a gastro-intestinal roentgenogram showed a certain amount of hvpo- 
motihtj of the small intestine with some pooling of barium at what appeared to be 
the site of the anastomosis However, tins had all passed into the colon at the end 
of 24 hours No trace of the barium could be seen on a plain film six da3is later 

Case 2 — F W was a colored male child whose birth was normal On the second 
daj of life, his abdomen became distended, but vomiting did not occur Peristalsis 
was h}po-acti\e Digital examination rfe^ealed no obstruction low' in the rectum 
An enema was effectual for onh a small amount of mucinous material Roentgenologic 
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study revealed marked distention of the small bowel down as far as the ileum An 
was noted beneath both diaphragms, suggesting a probable perforation 

Preoperative preparation consisted of saline and glucose solution by hypodermoclj'^sis, 
vitamin K parenterally and gastric aspiration Under open-drop ether anesthesia, the 
abdomen was opened through a left rectus incision A moderate amount of faintly- 
cloudy fluid was encountered, and air was noted to escape as the peritoneum was 
opened An atresia was founa m the midportion of the small bowel The proximal 
loop was greatly distended and parts of it covered with a yellowish fibrinous exudate, 
but no site of perfoiation could be detected The proximal and distal loops were 
approximated and a side-to-side isoperistaltic open anastomosis was done, using an 
inner layer of No ooooo chromic catgut and an outer layer of arterial silk The 
abdomen ivas closed m layers without drainage 

Postoperatu ely, jaundice became prominent Despite the administration of 
parenteral fluids, one transfusion, vitamins K and C and repeated gastric aspirations, 
the temperature gradually rose to 104° F , and the patient died 46 hours later Autopsy 
revealed death to be due to bronchopneumonia and possibly shock Theie was no 
evidence of peritonitis 

Discussion — As in intestinal obstruction due to any cause, eaily lecog- 
nition of the condition lowers mortality Therefore, the result of suigery 
depends primarily upon the astuteness with which the pediatricians diagnose 
the case and the promptness ivith wdiich it is brought to surgery 

Anesthesia — In our two cases, the suggestion of Ladd and Gioss^ m using 
open-drop ether w'as followed Local anesthesia might be considered, but the 
anastomosis is of such a natuie as almost to demand a quiet opeiative field 
Opeiafwe Techmc — One of our mam leasons foi piesentmg these tivo 
cases is to emphasize the need of performing a primal y anastomosis On 
opening the peritoneum, the discrepancy m size betw'een the collapsed loops 
of boivel and distended bowel is so great that anastomosis seems to be a 
technical impossibility Onl} the insistence of Ladd and Gloss’^ that this 
IS the only procedure that ofteis any hope foi survival made ns attempt it 
m our first case 

Ileostomies have probably been the most commonl}'^ employed pioceduie, 
but the lesults have been almost mvaiiably fatal The only tw'^o successful 
cases lepoited^’*' m which this technic was employed were done for .atresia 
in the terminal ileum The highei m the small intestine the atresia is, the 
gieaWr is the electrolytic imbalance resulting from the loss of intestinal 
contents through an enterostomy The piimary ileostomies piobably did 
very little to facilitate secondaiy anastomoses, one of wdnch w^as done within 
two months and the othei 30 days folio w'lng the oiigmal pioceduies 

The distal lumen is so narrow^ that Wangensteen" has suggested dilating 
it by injecting it with saline Ladd and Gross'* have used a small cathetei 
for dilatation We used neither of these suggestions, but m oui successful 
case we did not put in a second anteiior layer for feai of so mveitmg the 
mucosa as to occlude the lumen 

Fine suture mateiial is essential In the first case. No ooooo catgut 
w'as used throughout The ideal sutuie mateiial is arteiial silk for the 
serosal layer and No ooooo catgut on a sw^edged needle for the mucosal layer 
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Oul second case, in letiospect, might have had a better chance of survival 
had oui intravenous administration of blood or plasma been more vigorous 
These are long procedures, and infants are subject to shock just as adults 
aie We are inclined to neglect this point, possibly because intravenous 
therapy is difficult in the newborn Anemia should be corrected by the 
administration of blood in the amount of 5-8 cc per pound of body weight 
It IS well to keep in mind that the loss of 30 cc of blood in an infant is 
equal to about 500 cc in an adult Body heat can be conserved by placing 
a hot water bottle under the child’s back dm mg the procedure 

The transient hypopi othrombinemia of the newborn leading to henioi- 
ihagic tendencies is now common knowledge Disorders of the gastro- 
intestinal tract, such as pyloric stenosis or obstruction due to atresia 01 
malrotation, are particularly prone to develop hypoprothrombinemia One 
of the cases of atresia repotted by Webb and Wangensteen^ died of post- 
opeiative hemorrhage from the wound and into the peritoneal cavitj This 
not infrequent fatal postoperative complication can best be treated by the 
specific piophylactic adininistiation of vitamin K preoperatively, the dose 
being 1-2 mg of one of its synthetic foims An increase in the blood jiro- 
thrombin can usually be detected within two to six hours 

The question of sulfonamides arises There is probably very little indi- 
cation for their mtrapentoneal use Though no bacterial studies confirm the 
following statement, one would natuially assume that the intestinal contents 
111 the newboin have a much lower bacterial count than later in life Peri- 
tonitis was not a frequent cause of death m reported cases Bronchopneu- 
monia was the most common finding at autopsy 

SUMMARY 

Two cases of intestinal atresia treated by primal y anastomosis have 
been reported, one being the second successfully treated case of multiple 
atresia 

The unsuccessful case was technically satisfactory, and more vigorous 
postoperative care might have prevented a mortality 
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CAUDA EQUINA COMPRESSION S\N DROME WPllI 
HERNIATED NUCI.EUS PULPOSUS 


A REPORT OF EIGHT CASES 

J Douglas French, M D , and J T Paine, M D ’ , 

Rociiister, N Y f 

ruOM IHL DLPARTMl M OI SbRGl DIMSION OF NFUROI OGICAL SURGl R\ UM\ 1 Rbin OF ROCllLbll R bCHOOI 
0> MEDICINE VND DLNTISTRA , THU STRONG Ml MORIAl HOSPITAL, AND IHL ROCHESTER MUNICIPAL IIOSl ITAl 

ROCHLSTI R, N A 

Much has been ^^R1T1EN on the subject of herniation of the nucleus 
pulposus in its moie common foim but little has been described concerning 
the clinical manifestations of extensive protrusions We have had occasion 
recently, to obseive a numbei of instances of this type in which the pro- 
trusions were so extensive as to produce complete, oi nearly complete, sub- 
arachnoid block vith cauda equina compiession The lesultant anamnesis 
so closely simulates cauda equina tumors that most of the early cases weie 
explored foi suspected neoplasms, and it was not until the condition had 
been encountered on seveial occasions that the possibility of herniated 
nucleus pulposus could be anticipated In our experience, indeed, cauda 
equina compression occurs much more frequently due to hei mated nucleus 
pulposus than to tumor Foi this reason, this senes of cases is reviewed 
to evaluate the presenting clinical manifestations, means of diagnosis, 
operative findings and the sequelae encounteied These patients have all 
been obseived and tieated at the Strong Memoiial and Rochestei Municijial 
Hospitals dining the past i8 months 

CASE reports 

( 

Case I — F S, S M H No 199505 The patient was a 28-year-oId housewite 
ivho, 15 months prior to admission, folloivmg a normal pregnancy and deliverj, developed 
low back pain on the left side She was treated for "scoliosis” wnth a plaster jacket 
which she wmre for three months The pam disappeared almost entirely until three 
daj s prior to admission when, wdiile stooping over, she felt her back "snap ” There 
was immediate pain in the back and dowm the legs, wdiich increased in se\erit> until 
admission The da} before entry, numbness of the right leg, left leg, left foot, back 
of left thigh, vuha, and perineum developed in that order There w'as some tw'itcliing 
of the muscles of the buttocks For 24 hours the patient had been unable to Aoid 
spontaneously, being incontinent of small amounts of urine occasionally Thcie had 
been no bow'el movements for tw'O days The patient w^as bedridden because of the 
pain The past history w'as negative except for rheumatic fever at age 22 

Physical Exaiiunatwn This revealed a moderately obese, bedridden young w'oman 
in some pain The general phvsical and nciiiologic examinations were not remarkable 
except for the followung positive findings, There was a coarse nystagmus on extremes 
of lateral gaze The bladder w^as palpable nearly to the umbilicus There w'as tenderness 
over the fifth lumbar spine There was no abnormal alignment of the spine wnth the 
patient recumbent, and it was not possible to have her stand There w'as a marked 
weakness of both legs varying from minimal changes in the upper leg muscles to almost 
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complete paralysis of the anterior tibial group on the left side Anesthesia was present 
m the saddle area, dorsum of both feet, toes, and the sole of the right foot Hjpesthesia 
was present over the left sole and lateral and posterior aspects of the left leg Position 
sense was impaired on the left Both ankle 'jerks were absent, but the knee jerks 
were equal and brisk 
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Platz I — ^The mjelograms of all patients are shown here AH except Case a were m ide with panto 
paque All were taken with the patient on the fluoroscope table in a nearlj erect positio 

Laboiafoiy Data Red blood count of 47 million, hemoglobin of 15 Gm , 
white blood count of 13,500, w-ith a normal differential The serology was negatne 
The urine contained 3—5 white cells per high power field, and Eschenchta colt was cul- 
tured Lumbar puncture between the third and fourth lumbar vertebrae demonstrated 
normal manometries The fluid showed a negative serologv, and a protein content 
of no mg per cent 
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Roentgenograms of the lumbar spine showed narrowing of the fourth lumbai body, 
and the third, fourth, and fifth lumbar interspaces on the left Pantopaque myelography 
demonstrated a complete subarachnoid block at the third lumbar interspace (Plvte I, 
Fig i) 

The patient was given sulfadiazine orally and placed on Monroe catheter drainage 
On the iStli hospital daj, a laminectomy was performed exposing the third lumbar 
interspace but no defect uas seen The dura was opened, revealing extensive arachnoid 
thickening with gross matting of the nerve roots of the cauda equina Exploration 
with a catheter revealed an obstruction at the fourth interspace, which was subsequently 
explored, and a large herniated nucleus pulposus removed The obstruction at L-3 
by myelograpln was felt to be due to the arachnoid adhesions seen on opening the dura 

Postoperatively, the patient was fiee of pain She gradually regained control of 
liei bladder and i\as able to void spontaneou-.l3 15 days after opeiation When last 
seen, eight months after opeiation, slie had a mild residual vulvar anesthesia, but 
normal sphincter control She was able to walk with the aid of a cane, there being 
some residual foot drop on the lett 

Case 2 — Af D , S AI H No 192500 The patient w'as a 62-year-old railroad 
worker who, except for 40-pound w’eight loss during the preceding tw'o years, w'as 111 
excellent health until three w'eeks prior to admission, at which time he aw'oke with 
a serere pain in his back radiating down the left leg This pam persisted and W'as 
follow'ed bj’’ weakness Ten days prior to admission, numbness of the lateral aspect 
of the left leg was noted, and five days later, he w^as unable to w’alk because of the 
weakness and pam For about a week before entry, there was some noctuua The pain 
W’as aggravated by coughing Tw’itching of the muscles of the legs and arms was 
reported for approximately two months He had piogressive difficultj’ in voiding 
but W’as still continent at the time ot operation 

Plnsical ExavuiHifwit — This revealed a w'ell-dei doped elderly man showing some 
cMdence of w’eight loss General and neuiologic examinations were not remaikalile 
except for the follow'ing positive findings The rectal sphinctei w’as moderately relaxed 
There was bilateral weakness of all muscle gioups of the legs, nioie pionounced on 
the right side and in the peroneal regions Occasional localized tw’itchmgs weie seen 
in the upper and lower extremities There w'as sensory loss as high as the fiist lumbar 
dermatome on the right and the third lumbar dermatome on the left Little change w'as 
noted in the sensation of the legs but the patient w’as not able to cooperate w’dl enough 
for a ■very exact sensori’ examination There was bilateral loss of position and vibratory 
sense The left knee jerk w’as diminished The right knee jerk and both ankle jeiks 
were absent 

Laboi atory Data Blood studies w’ere normal except for a blood sugar of 200 mg per 
cent Uranalj sis revealed a glycosuria Serologv w’as negative Lumbar puncture at the 
fourth lumbar interspace show’ed a complete b^ock, w’lth xanthochromic fluid having a 
protein content of 630 mg per cent Roentgenograms of the lumbar spine demonstrated 
a list, W’lth convexity to the right, nairow’ing of the second lumbar interveitebial space 
and hjpertrophic changes 

Lipiodol W’as introduced by cisternal puncture A complete block w’as visualized at 
the third lumbar intervertebral space (Pl\te I, Fig 2) The protein content of the 
cerebrospinal fluid w'lthdraw’n at this time w’as 25 mg per cent 

The diabetes w'as controlled w’lth 2b units of protamine-zinc and 10 units of 
regular insulin daily On the tenth hospital day, the patient’s spinal canal w’as explored 
for tumor of the cauda equina The third and fourth lumbar laminae were removed, 
exposing a large herniated nucleus pulposus, which was apparent even on the dorsal 
surface of the dura (Fig i) This was removed (Plvte II, Fig i) and the dura 
opened, revealing matting and injection of the roots of the cauda equina together with 
a. thickened milky-appearing arachnoid A spinal fusion was carried out 
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Hie postoiieiativc com sc was complicated by some fecal meontmciicc, but motoi 
power returned giadually Bladder and bowel function were normal one to two months 
after operation Seventeen months after opeiation, the patient was as} mptomatic, and 
employed as a laborer Both ankle jerks w'cre diminished but there was no localized 
weakness or sensory abnonnahtv 



Tig I — A diagnmnntic rcpreseiiiation of the pathologj en 
countered in Ci'e 2 A cauda equina tumor was anticipated, 
which accounts for the wide exposure The extent of the protrusion 
of the nucleus pulposus is demonstr'ted at the third lumbar 
interspace ^ 

Case 3 —A T , S M H No 187681 The patient was a 37-year-old cabinetmaker 
who, for 15 years, had had "lumbago,” characterized by low back pam of an inter- 
mittent nature coming every three to four months and lasting two or three dajs at 
a time Six months prior to admission, the back pam became more severe, radiating 
dow'n the back of both legs (the left more than the right) Pam progressed until two 
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months before admission, when it was knife-hke m nature It was aggravated by 
coughing and sneezing No relief was obtained from chiropractic treatments or arch 
supports Sonic frequenej of uimation and a sensation of fullness of the bladder w'as 
noted during this period, as was increasing constipation Past history w^as remarkable 
only m that patient w’as leiiortcd to have had ‘tubei culosis of the hip” at the age of seven 
Physical Examinulwn — ^This ic\calcd the following positive findings The patient 
svas a muscular man wdio appeared to he in consideiable pain Movements of the back 
were limited in all directions although theie was no definite list Straight leg-raising was 
limited to 30° on the right and 20° on the left There w'as measurable atrophy of the 
left thigh and calf The Lasegue’s sign w'as positive bilaterally There w'as a patchy 
hypesthesia of both legs, constantly found m the L-4 distribution on the iiglit but 
noted at times as high' as D-12 on the left and L-i on the right 

Laboiatoiv Data Blood studies and iiranalysis were normal The Wasseimann was 
negative Lumbar punctuie between third and fourth liimbai veitebiae showed no evidence 
of block Th€ fluid showed a total piotein content of 100 mg per cent The spinal 
fluid Wassermann was negatne 

Myelography with pantopaque show'ed a block at the midportion of the fourth 
lumbar vertebrae A small amount of the contrast material trickled by on the right 
side (Plate I, Fig 3) 

Laminectomy was performed, and a large herniated nucleus pulposus removed from 
the region of the fourth lumbar interspace (Plate II, Fig 2) 

The postoperatn e course was une\entful Four months after operation the patient 
was asymptomatic except for mild “lameness” m the back, and was working regularly 
Case 4 — A B, S !M H No 193284 The patient w'as a 56-year-old lastmakei, 
who W'as in excellent health until four months before admission, when he began to have 
severe pam m the back w'hich w'ould occasionally radiate down both legs The pain 
increased in severity until he w’as forced to stop w'ork seven weeks before admission 
\t this time he noticed w'eakness of the left leg associated ^vith diffuse numbness on 
that side Shortly before admission, the patient became bedridden by the pam The 
pam was greatly aggravated by coughing and straining, by lying flat in bed, and bv 
walking His onlj' treatment had been “hip-shots” and massage, from w'hich he had 
no relief For about five weeks before admission he noticed increasing difficulty in 
^oldlng, and a change in bow'el habits The past history was not remarkable 

Physical Eraminatwn This revealed a muscular, elderly-appearing man m apparent 
pain The positive findings noted w'ere as follows The prostate gland was slightly 
enlarged There w'as bilateral lumbai muscle spasm without abnormal alignment of 
the spine There w'as tenderness over sacrum and gluteal regions, somew'hat more 
prominent on the right side Pain was expressed on all movements of the back and on 
extension of the legs at the hips The patient w'alked w’lth a limp, necessitating the 
use of a cane Straight leg-raising wms permitted to 75° on the right and 90° on 
the left There was hypesthesia over the lateral aspect of the left leg as low as the 
knee and over a small patch on the lateral aspect of the right knee Patchy hypesthesia 
was reported as high as D-io bilaterally There wms i cm atrophy of the left leg 
as compared to the right The left knee and ankle jerk w'ere hypoactive 

Laboratoiy Data The blood count, uranalysis, and blood chemistry were normal, 
and the Wassermann w'as negative Lumbar puncture was attempted at the fourth lumbar 
interspace wnthout success Roentgenograms of the lumbar spine showed minor 
degenerative changes 

Myelography with pantopaque was carried out, revealing an almost complete block 
at the level of the fourth lumbar intervertebral space A small amount of the contrast 
material trickled by the obstruction, as shown in Plate I, Fig 4 

Laminectomy was carried out, and a large midline herniated nucleus pulposus 
removed from the fourth lumbar intervertebral space transdurall} (Plvte II, Fig 3) 
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Postoperative course was uneventful, and the patient was asymptomatic three months 
after opeiation 

Case 5 — J G, S M H No 1S1757 The patient was a 45-3'ear-old exmechanic 
who, for 30 years, had had occasional shooting “numb sensations” down the left leg, 
noticed mainly after overexertion For the past ten years, he had had five such 
episodes lasting approximately three days each Two weeks before admission, coincident 
with a “cold” and cough, he developed severe low back pain Two daj’^s later, the pain 
began to radiate down the left leg, then down the lateral aspect of the right leg, with 
associated numbness of both legs He was confined to bed by the pain for two daj^s 
prior to admission, and had great difficulty in urinating The pain was sharp and shooting 
in character and aggravated by cough It was not relieved by vitamin B injections, 
morphine, or bed rest 

Physical Examination — This revealed a well-developed, well-nourished man, who 
appeared to be in some pain General and neurologic examinations showed the following 
positive findings The teeth were somewhat caiious There were a few coaise dry 
rales at both lung bases posteriorly The patient was unable to walk The spine was 
straight, with slight tenderness over the sacrum and right lumbar regions There was bi- 
lateral tenderness m the posterior thigh regions Straight leg-raising was markedly limited 
because of pain Twitching was noticed in the glutei and calf muscles The left thigh 
and calf were measurably smaller in circumference than the right There was hypes- 
thesia over both feet, the dorsum of the right calf, lateral aspect of the left calf, and 
of the saddle area Vibratory sense was absent on the left The right knee jerk 
was diminished and both ankle jerks were absent 

Laboiatoty Data The blood count, uranalysis, and stool examinations were within 
normal limits The Wassermann was negative Lumbar puncture between the thud 
and fourth lumbar vertebrae demonstrated normal dynamics, with a spinal fluid protein 
of 60 mg per cent 

A chest film was not remarkable Lumbar spine films showed some deviation to 
the left Alyelography with pantopaque showed a sharp cut-off m the subarachnoid space 
at the fourth lumbar interspace (Plate I, Fig 5 ) 

Laminectomy was performed and a large herniated nucleus pulposus was removed 
extra- and transdurally There was evidence of arachnoiditis on exploring the cauda 
equina, and microscopic section of the arachnoid showed round cell infiltration 

The postoperative course was uncomplicated At the time of discharge the patient 
was asymptomatic The only positive findings on physical examination were hypesthesia 
of the left foot and absent ankle jerks bilaterally He did not return for follow-up 

Case 6 — E J, S M H No 311831 The patient was a 28-year-old housewife, 
who first noticed pain in her right leg approximately ten years before admission, three 
months following an automobile accident m which she sustained no known injury This 
episode lasted one and one-half years She had similar but shorter attacks six and fi\e 
J'ears before admission, and following the latter she had operations upon both of her 
hip regions (probably fasciotomies) Subsequently she complained of repeated episodes 
of right hip and leg pain, on two occasions relieved by injections in her back The 
last episode started approximately six months before admission, following which mild 
burning pain in the entire right leg on exertion was experienced She also complained 
of an occasional twinge of pain in the left leg Approximately one to two weeks prior 
to adrqission the patient noticed more severe pain in both legs associated with paresthesias 
and numbness in the right leg Ihree days before admission, she became unable to ^oId 
Physical Exaniiiiatwn — ^This revealed the following positive findings On examina- 
tion oi the back, there was a list to the right, and considerable spasm of the paraspmal 
muscles She experienced 1 considerable pain on all movements of the back Straight 
leg- raising was limited to 20° on the right and 30° on the left There vas i cm 
atrophy of the right calf, associated with considerable weakness of all mo\ements of 
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the foot, paiticularly uith lefcrence to plantar flexion Mild atrophy was also noted 
in the left gluteal region and upper leg Bilateral upper lateral femoral operative scars 
were present and tliere was an area ot hvpesthesia over the distribution of the left 
lateral femoral cutaneous nene, which the patient stated had been present since her 
operation five years before Hvpesthesia was noted bilaterally m segments S-4 and S-5 
and on the right in segments I -5 to S-3 Almost complete anesthesia was present over 
the outer aspect of th^ right foot The right knee jerk was diminished and the right 
ankle jerk absent The patient was unable to loid and had to be placed on tidal irrigation 
Lahoiaton Data Blood studies and uranalysis were normal The serologj was 



Jig 7 — A diagrammatic representation of the pathology en 
countered in Case 6 The extruded nucleus pulposus is seen in 
the region of the fifth lumbar interspace 


negative Roentgenograms of the spine show'cd narrowing of the fifth lumbar interspace 
Spinal fluid protein was 90 mg per cent A pantopaque mjelogram demonstrated a 
complete block at the fifth lumbar interspace (Plate I, Fig 6 ) 

Laminectomy was performed (Fig 2), and a large herniated nucleus pulposus 
removed from the fifth lumbar interspace (Plate II, Fig 4) 

The postoperative course W'as uneventful The patient was able to void spontaneoush 
nine days after operation When last seen, tw'o months after operation, she was free 
of all discomfort and voiding normally There w'as still slight weakness of the right 
plantar flexors The right ankle jerk was absent, and there was hvpesthesia oser the 
outer aspect of the right leg and foot 
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Case, 7 — I B, S M H No 211100 The patient was a 43-j^ear-old tailor, with 
pain in tlie back and both legs of seven mclnths dination Seven months before admission 
he noticed the onset and piogiession of pain 111 the low back and down tbe backs 
of both legs, associated c\ith parasthcsias, weakness and coldness Ihcsc sjmptoms 
persisted, and about two moiiths before admission he became iiijable to void Subsequently, 
he catheteiized himself legulaily Past histoiy was peitinent 111 that patient reported 
an episode of weakness in the legs lasting: for a month in 1928, treated by injections of 
calcium gluconate No history of trauma was obtained The patient had lost ten pounds 
111 the pievious six months 

Physical Exavnnatiou — The following positive findings were apparent The spine 
showed a list to the left, with lather marked limitation of motion 111 all directions and 
spasm in the paraspinal muscles These was some diffuse weakness of the anterioi 
and posterior calf muscles but strength 111 general was quite good Gluteal tone was 
very poor There was anesthesia in the saddle area involving the S-4 and S-5 derma- 
tomes, with a tiophic ulcer on the left side in this area There was complete retention 
of urine, and the rectal sphincter tone was very pool Both ankle jerks were absent 

Laboiatoiy Data — Blood count was normal, and serology was negative Uranalysis 
showed pyuria, with SU eptococcus hemolyticus and B profeus being isolated Roent- 
genograms showed a relative narrowing of the lumbosacral interspace Pantopaque 
myelography demonstrated a marked narrowing in the visualized column >at L-4, and 
complete block at L-5 (Plate I, Fig 7) 

At surgical exploration, a large herniated nucleus pulposus, completely compressing 
the dural sac, was removed from the L-5 S-i interspace A pathologic protrusion of 
the fourth intervertebral disk was also encountered and corrected (Plate II, Fig 7) 

The postoperative course was one of gradual improvement Pam had disappeared 
after about three weeks, and patient first began to void spontaneous!}’- about five weeks 
postoperatively At this time, cystometry show’ed normal bladder response When seen 
four and one-half months after operation, he still had 90 cc residual after urination, 
and some constipation He reported himself markedly improved but still had mild 
pam in the back although none was present in the legs Hypesthesia was still present 
in sacral areas 3, 4, and 5, and there w'as mild w'eakness in plantar flexion on the 
right The ankle jerks W’ere absent 

Case 8 — A B, S AI H No 212371 The patient was a 36-year-old housew'ife 
Four and one-half years before entry, she first noticed the onset of pam m the back 
associated with cramps and shooting pains m the left leg, increasing m severity Three 
years before admission she had a severe episode of backache and pam m both legs, at 
W'hich time she w'as studied elsew'here, and w’as m bed for tw’O months The pam 
was worse on coughing and sneezing Subsequently, she w'as considerably improved 
although not completely without pain until about tw’o months before entry, at which 
time the pam became progressive!}’ w’orse She noticed that she w’ould drag the right 
leg, and complained of numbness and tingling m the saddle area She also noticed 
increasing urinary urgency and frequency, culminating in complete retention the da\ 
before entry Past history developed that 18 years before admission the patient had 
her left kidney removed, apparently because of calculi There were no subsequent urinary 
complaints until her admitting illness 

Physical Examination — The following positive findings were present^ The patient 
W’as confined to bed There w’as flabbiness of the glutei and w’eakness of all movements 
of the right foot, particularly m plantar flexion There w’as no difference m the 
size of the two legs Straight leg-raising w’as limited to 20° on the right and 30° on 
the left Saddle anesthesia w’as present involving S-4 and S-5, as w'ell as the upper 
portions of the S-3 dermatomes on both sides Tenderness w’as present m both gluteal 
folds Both ankle jerks w’ere absent There was an old left flank operatne scar 

Lahoiatoi X Data Blood count and uranalvsis were normal and serolog} was nega- 
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tive Complete iirologjc studies revealed a normal functioning right kidney and an 
absent left kidney Roentgenograms of the abdomen showed manv calcified nodes 
on the left side Cystoscopy showed a small projection of tissue at the vesicle neck 
(later removed) and some trabcculation of the bladder Urine culture yielded B f>toicu\ 
and B pyocyaneus Roentgenograms of the lumbar spine showed a relative nanownng 
of the fifth lumbar interspace Spinal fluid protein w'as 200 mg per cent, although a 
few' red blood cells w'ere reported present Pantopaque myelogram shown m Plate I, Fig 8 

At surgical exploration, a large herniated nucleus pulposus, completely compressing 
the dural sac, w'as removed from the lumbosacral interspace Her postoperative course 
was uneventful She began to void spontaneously approximately three w'eeks after 
operation Four weeks after operation, she was ambulatory, without pain The saddle 
hypesthesia had definitely diminished and she w-as able to walk easily There was still 
some weakness of the right foot, and the ankle jerks were absent Nine weeks after 
operation a letter from the patient reported mild stiffness in the back onlj, in spite 
of the fact that she was doing heavy bousew'ork She reported herself otherwise m 
excellent condition 

Discussion — Relatively little is known concerning the incidence of ex- 
tensive heiniations of the nucleus pulposus because few cases have been 
leported « Cainp,^ in 1939, using hpiodol m}'elography, found that in 194 cases 
of pioved “disks,” ii 3 pei cent had a paitial block and 2 6 pei cent complete 
obstiuction of the subarachnoid space In oui expeiience, of 90 veiified 
cases of hei mated nucleus pulposus, Iheie have been eight instances of 
subaiachnoid block, as manifested by myelography, or an incidence of 
8 8 per cent 

Other cases are reported in the literature, either singly or as illustrative 
examples Dandy," m 1929, reported tw'o cases of block due to “loose carti- 
lage” in the lumbar region, and described clinical manifestations closely 
simulating those presented here Again, in 1942, he® reported three cases 
with block One in the lumbar , one the dorsal , and one the cerv'ical regions 
Spin ling and Bradford^ desciibed two cases, both at the fourth lumbar 
intei space, and a third case with obstruction due partially to protruded inter- 
vertebral disk and partially to arachnoid adhesions Bunts,®’ ® using thoro- 
tiast myelogiaph)', repoited one case with complete block at the fourth lumbar 
interspace and, using lipiodol, two more cases of block in the region of the 
third lumbar mtei space Anothei case is described m the records of the 
Massachusetts General Hospital' in ■which a block w'as encountered at the 
fourth lumbar intei space 

In our patients, the lesion occurred at the interspace of L-3 in one case , 
L-4 in four cases , and L-5 m three cases The age incidence varied between 
28 and 62 Thiee patients were m the third decade, tw'o in the fourth, tw'O m 
the fifth, one in the sixth, and one in the seventh decades 

The duration of symptoms varied from three w'eeks to 30 years In most 
of the cases, it is interesting to note that there was a long period of prodromal 
symptomatology culminating in a short, rapidly progressing period of incapac- 
ity just before entry into the hospital In none of these patients was there 
a history of sufficiently severe single injury to be of associated importance 
to the patient 
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Htsfoiy The main complaints lepoited were pain, ^^eakness, sensory 
distui bailees and sphmctei disordeis In three of the patients, twitching of 
the muscle of the legs was reported 

Pam was present in all patients It was always the syihptom of longest 
duration, usually beginning m the back and subsequently involving the legs 
In all but one patient, it involved both legs Usually, there was a long ante- 
cedent history of intermittent back pain for a period varying fioni seven 
months to 30 years, and a short period of three days to two months rapidly 
progressive bilateral leg pain, always of a severe nature 

Weakness of the legs was also a common complaint, being repoited as 
such in five of the patients It was sometimes difficult for the patient to 
evaluate weakness because of the pain All but two patients were confined 
to bed at the time of hospital admission In all but one case (Case 7) the 
weakness was a manifestation of the acute phase usually occurring a few 
days to a fev weeks befoie admission 

Disturbances of sensation weie reported in all cases but one (Case 3), 
and were, again, manifestations of the acute phase except in two cases (Cases 5 
and 7) Usually the disturbance in sensation was described as numbness 
but the terms “prickling,” “coldness,” and “tingling” were commonly used 
These disturbances of sensation weie lepoited m one leg in four cases, the 
saddle aiea and both legs in two cases , and only the saddle area in one case 
Disturbances of elimination were reported in all cases This complaint 
was always a manifestation of the acute phase being present for as long as 
two months in only two cases It was nearly always of rapid onset, occasionally 
being preceded by a few days of increasing difficulty in voiding or increasing 
constipation Complete retention of urine was repoited m three cases and 
of urine and feces in one case Marked difficulty in voiding was present in two 
cases, and difficulty in voiding plus constipation in two cases 

Physical Examination In all cas6s, there was evidence of weakness, 
atrophy, or poor muscle tone This was not universally so extensive as might 
be expected, pi'obably because of the relatively short duration of the acute 
phase of symptoms Also, weakness was usually somewhat difficult to 
evaluate because nearly all of these people were in acute pain at the time of 
examination and, therefore, often lestncted then efiort Atrophy of the 
glutei, thigh, or calf muscles was reported m four cases, and weakness and 
poor muscle tone in the same areas in the remaining four cases The motor 
impairment was reported to be bilateral in four cases and unilateral in foui 
cases All but two patients weie confined to bed 

Sensory disturbances vere pi:esent 111 all cases These changes varied 
considerably in extent and location but were universally bilateral Dis- 
turbed sensation in the saddle area was common being present in five cases 
This varied fiom dysesthesia to complete anesthesia, iMth trophic ulceration 
in one patient (Case 7) In ti\o patients, sensory disturbances were reported 
ashighasL-i (Case 2), and D-io (Case 4) In one of these patients (Case2), 
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the lesion was found to be at L-3, and extensive arachnoiditis was en- 
countered on opening the dm a Tn the remaining patients, sensory changes 
involved variously L-4 to S-5 Thiee of the patients with lesions at L-4 
had poitions of the L-4 deimatome involved The greatest change, however, 
involved L-5, 01 below, in all cases 

The reflexes were alteied in all cases In five cases, the involvement 
was bilateral and in the remaining three unilateral Alteration was uniformly 
piesent in the ankle jeiks and, additionally, m the knee jerk in five cases 
Theie ^^ele no cases of a single leflex being altered In all cases, eithei 
both ankle jeiks 01 a knee jeik and ankle jeik were impaired or absent Those 
patients ^Mth pathology at L-3 and L-4 showed bilateral involvement in 
thiee cases and unilateial involvement m tuo cases Of these, the knee jerk 
was impaiied 111 all but one case When the extrusion was at L-5, the involve- 
ment was bilateral m two cases and unilateral in one case, and the knee jerk 
was impaired 111 only one case 

Tidal drainage of the bladder was necessaiy m five patients, both before 
and after operation Ability to urinate spontaneously returned in from 
nine days to five weeks, averaging two weeks All patients with lesions 
at L-5 had complete retention while, of those with higher lesions, only two 
of five showed complete urinary sphinctei involvement The remaining three 
manifested vaiying degiees of difficulty in voiding 

Examination of the back was not well lecorded in some instances, prob- 
ably due to the acuteness of the patient’s condition on entry Tenderness 
was lepoited in four cases, spasm or limitation of movement in four cases, 
and no mention w^as made m one Similarly, sciatic tenderness or sciatic 
stretch-tests weie not w'ell recoided, piobablj'' for the same reasons, although 
limitation in stiaight leg-raising w'as repoited in five cases 

Roentgenograms of the back were taken m all cases — in one case else- 
where, but these films w^eie review^ed by a member of the staff and reported 
to show nothing of significance In two patients, a list w^as reported In 
fi\^e patients, nariowung of an mtei space was present, but m one of these 
(Case 2), the narrowing w^as not at the site of the proven lesion Hyper- 
trophic changes were reported in twm patients (ages 62 and 56) 

Spinal fluid protein deteimmations w'ere made in six of the eight patients 
The levels varied from 60 to 630 mg per cent The highest figure repiesents 
fluid taken from below the lesion (Case 2), and cisteinal fluid on this same 
patient w^as 25 mg pei cent In all othei cases, the fluid was taken from 
above the lesion In Case 8, a few led blood cells weie repoited piesent 
111 the fluid 

Myelogiaphy w^as undei taken in all cases In one instance this was done 
by cisternal punctuie (Case 2) , in the lemammg cases by lumbar punctuie 
In all but one case (Case 2) pantopaque was used In that one case, hpiodol 
was used In all instances, complete, 01 nearly complete, block was en- 
countered at the site designated It was felt that this examination w'as a 
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good indication of the degree of obstiiiction because at body tempeiature, 
pantopaque has a low viscosity and flows readily In one instance (Case 7), 
abnormalities were seen in two interspaces (L-4 and L-5) and at operation, 
an extruded nucleus pulposus was lound at L-5 and a protruded inter- 
vertebral disk at L-4 There were no untoward reactions to myelography 
The myelogiams aie shovn m Plate I 

Opeiatwc Findings The early patients weie all exploied with a pie- 
opeiative diagnosis of cauda equina tumor Subsequently, the coriect diag- 
nosis was suspected and in the last thiee vas the primary preopeiative diag- 
nosis Recently, ho^^ever, one patient with a very similai clinical pictuie 
vas explored vith the same preopeiatwe diagnosis but was found to have 
metastatic caicmoma m the upper sacral segment" 

The operative findings were similar in all cases extruded nuclei pulposi 
severely compressing the dural sac were encountered and removed The dura 
^^as opened in the first five cases No mention was made as to the condition 
of the intrathecal contents othei than they vere "elevated to a marked degiee” 
m tvo cases In the remaining thiee cases (Cases i, 2 and 5) thickening of 
the arachnoid, matting of the cauda equina, and adhesions were prominently 
present In Uvo of these cases (Cases 2 and 5) this was present to the extent 

that obstruction remained after removal of the extruded nucleus pUlposus 
✓ 

Spinal fusion was done in thiee cases (Cases i, 2 and 3) 

Sequelae All patients were lelieved of their pain postoperatively, and 
weie ambulator}^ and voiding spontaneously on discharge from the hospital 
Stay in the hospital aftei operation varied from 17 to 77 days, the average 
being 36 days — The longer hospitalizations wei e required for the patients who 
had spinal fusions The average sta} without fusion was 30 days Two of the 
patients with fusions convalesced at home 

Follow-up vaiied from 2 to 16 months One patient did not letuin 
Three were operated upon within thiee months, and two of these had a 
two-month check-up One patient (Case i) had fairly extensive residual 
difficult}' eight months after opeiation She had weakness of her left foot, 
lequiiing use of a cane Theie w^as also some vulvar anesthesia Tw^o others 
had a slight limp two months aftei opeiation (Cases 6 and 8) The lemaindei 
had no complaints wdien last seen Two w^eie lepoited wmiking at their 
usual occupation, and one was simply lepoited as} mptomatic 

CONCLTJSIONS 

The clinical smiilanty between herniated nucleus pulposus and eaily 
cauda equina tumors is generally well-recognized The more advanced 
manifestations of neoplastic disease aie, howevei too often consideied to 
be pathognomonic The patients here reported suggest that herniated 
nucleus pulposus must be strongl} consideied even in the presence of advanced 
cauda equina coinpiession Herniated nucleus pulposus repiesents indeed 
m our experience, even a moie common cause of such compressive manifesta- 
tions than tumor '‘The diftei entiation between these two entities 
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operatively is often impossible The history and examination may present 
identical findings All variations, up to complete block, may occur on lumbar 
puncture m both instances Only the roentgenologic findings may be of 
differential aid A nan owed interspace corresponding to a level of block 
at myelography should stiongly suggest displaced intervertebral disk 

Another factor of possible importance in discogenic disease presented m 
these patients, is the pi esence of associated intrathecal inflammatory processes 
in the form of localized arachnoiditis It was a very piominent marafesta- 
tion in three of the five cases in which the duranvas opened, and is possibly 
piesent to some degiee in most of the cases Some ciedence to this postulate 
might be taken from the univei sally inci eased spinal fluid protein encounteied 
A process of this type could possibly offer some explanation to such findings 
as sensory and motor changes corresponding to a level above the site of 
herniation as described in many of these patients Further evidence of its 
possible importance was encountered m a recent case m which the patient 
developed rapidly progressing sensory changes, motoi weakness, and sphincter 
involvement two weeks aftei removal of an uncomplicated displaced inter- 
veitebral disk Repeat myelogiaphy demonstiated a complete block at the 
site of the opeiative removal instead of the original small defect Reexplora- 
tion four weeks aftei the original operation revealed no extradural pathology, 
but on opening the duia, an extensive localized aiachnoiditis completely agglu- 
tinating the caudal filaments together was encounteied The symptoms 
and findings described disappeaied duiing the next few weeks 

These patients may seive, also, to illustiate a possible danger in dela3mig 
operation for displaced intervei tebral disk either because of faulty diagnosis 
or election Nearly all had evidence of long preexisting discogenic disease 
yet the diagnosis was not made until all had evidence of extensn'’e cauda 
equina compiession They weie, theieby, subjected to extensively prolonged 
hospitalization and convalescence, and to the real possibility of crippling 
neurologic residuum In view of the fact that many of these patients had 
minimal complaints piioi to the acute episode culminating in cauda equina 
compiession, it seems possible that any patient with discogenic disease might 
potentially suffei a similai fate We feel this to be an argument in favor of 
myelogiaphy, certainly in equivocal cases and have used it routinely foi 
two years 

SUMMARY 

j Eight cases of cauda equina compression due to hei mated nucleus 
pulposus are presented These cases are proven by myelography and 
operation 

2 This pathologic process was encountered at L-3 m one case , L-4 in 
four cases , and L-5 m three cases 

3 There is considerable similarity in the symptom complex presented 
by these patients Their mam complaints were pain m the back and both 
legs, numbness in the saddle area and/oi both legs, weakness, and sphincter 
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disturbances In most cases, there is usually a long antecedent history of 
back pain followed by an acute episode of rapid piogression of the above 
symptoms 

4 The physical findings were also quite similar m all patients The 
piedominant findings were weakness or atrophy in the gluteal region or 
both legs, sensory changes in both legs, multiple reflex changes and sphincter 
abnormalities 

5 Narrowed interspace, determined roentgenologically, was frequently 
piesent, and of difterential diagnostic importance when found 

6 Increased spinal fluid protein was the rule 

7 Myelography showed complete or nearly complete subarachnoid block 
m all cases 

8 The presence of marked subarachnoid inflammatory processes was 
demonstrated, and its possible importance in this condition discussed 

9 The difficulty in differentiating this clinical entity from cauda equina 
tuinoi preopei atively is apparent 
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LUMBOSACRAL ROENTGENOGRAMS OF 450 CONSECUTIVE 
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CmilsbjU), Nei\ Mexico 
AND 

W Compere Basom, M D 

El Paso, Texas 

On several occasions the authors have sought information on the subject 
of just what one might expect to encounter m the roentgenograms of a group 
of so-called normal lumbosacral spines, and have noted a marked scarcity of 
information in the literature on this subject The question has been raised 
as to vhat is normal in regard to slight deviations from the perfect anatomic 
specimen and, here again, there is little m the literature relating to this A 
great deal has been written about abnormalities (anomalies, injuries, and 
diseases) found in roentgenograms of patients vith symptoms, but few ob- 
ser\ations have been made concerning roentgenograms of people with no 
complaints 

It has been the privilege of the authors to study the roentgenograms of 
a senes (consecutive) of lumbosacral spines in men applying foi work, 
foi the most part heavy labor, at a large industrial plant The results ot 
this study Mere inteiesting as to the amount of gross abnormalities found 
and also the large number of cases shovung slighter variations from the 
average normal Because of the very high percentage of variation from the 
normal in these men vho said they had no backache at the time they were 
seen or previously, it has seemed Morth vdiile to the authors to report 
this series 

It is of interest that the reason for taking loutine low back loentgeno- 
giams of these 'patients -was the industiial plants previous unsatisfactory 
experience vuth litigation involving injuries to the loivei back In the }eai 
piecedmg starting the routine lumbosacral roentgenologic examinations, the 
industrial plant (a mine) had received several large adverse legal judgments m 
low back cases in ivhich the allegedly injured individual had unquestionable 
previous pathology in some part of his lumbosacral spine While no 
definite opinion can be expiessed as yet, it appears that this type of litigation 
against the mining company is going to be greatly reduced since the intro- 
duction of the lOutine Iom liack roentgenologic examinations, a saving ’which 
will fai more than offset the cost of taking the roentgenograms 

The roentgenograms taken xvere of consecutive men applying for work, 

* International Minerals and Chemical Corporation, Carlsbad, New Mexico 

88 



■\ olumo 120 
dumber 1 


LUMBOSACRAL PATHOLOGY 


which was foi the most part heavy labor It had been hoped oiiginally to 
make the series i,ooo cases, but the study was interrupted by the enlistment 
into the Army of two of the authors It is felt, however, that 450 represent*^ 
a significant numbei 

The views taken were flat anteropostei lor and lateral views, each 14 x 17 
inches, centeimg ovei the lumbosacral joint, but usually extending fioni the 
nth thoiacic veitebia to the cocc}x Steieoscopic, localized lateial, oblique 
01 angled anteropostei 101 views veie not made because of the additional 
' expense 


Tabll I 


ANAL\SIS 01 ROLNTGLNOORiVMS OP 450 CONSECUTIVL LUMBOSVCRAL 
SPINES IN APPLIC\NTS I OR HLAV\ \JORK 



Number of 

Per 

Pathology 

Cases 

Cent 

Hypertrophic changes Severe 

37 

8 

Mild 

59 

13 

Total 

96 

21 

Old compression fractures 

22 

5 

Spondv lohsthesis 

14 

3 

Sacro iliac, arthritis Severe 

8 

2 

Mild 

21 

5 


— 

— 

Total 

29 

7 

Transitional vertebrae — with anomalous joint (unilateral 17 and bilateral 16) 

33 

8 

Transitional v ertebrae — with no anomalous joint (unilateral 8 and bilateral 5) 

13 

3 

Total 

16 

11 

Structural scoliosis 

6 

1 

Increased lumbar lordosis 

8 

2 

Lumbar ribs ' 

39 

9 

Si\ lumbar v ertebrae 1 

8 

2 

Spina bifida occulta 

29 

6 

Other miscellaneous anomalies ' 

8 

2 

Osteoporosis ‘ 

3 

1 

Foreign bodj (metal m soft tissue) ' 

2 

0 5 

AA'edging of lower thoracic or upper lumbar vertebrae Severe 

42 

9 

Mild 

108 

24 


— 

— 

Total 

150 

33 

Nai rowing of lumbosaci il interspace, posterior^ Seveic 

103 

23 

Mild 

140 

31 

9 

— 

— 

Total 

243 

51 

eVSES W nil SOME T\ IE 01 P VTllOEOGV ’ 

t-VSES WITH 1 VTllOEOGV ENCEEDING MIED EUVIBOS VCIIAE NVRROWING AND WEDGING 

389 

86 

OI THOR.VCOEUMBAR V ERTEBRAE”' 

249 

31 

CASES VV ITH MUETIPEE PATHOLOGV 

222 

49 

eVSES REJECTED FOR WORK (SEVERE PATIIOEOGV) 

68 

15 

ADDITION AE CASES WITH SEVERE PATHOEOGV 

37 

8 


Facet defects, pedicle defects, and other conditions vere undoubtedh 
o^el looked in this senes because additional Meus vere not a^allable The 
authors feel this is unfortunate but una^oldable and had additional a lews 
been taken moie patholog\ would haAC been found m all probabiht}, and 
the scientfic value of this papci enhanced This leport is presented AAith 
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Tig I —Hypertrophic arthritis of the lower Fig 2 —Spondylolisthesis Note pedicle defects 
lumbar spine Note proliferative changes on the with forward displacement of the fifth lumbar 
anterior margins of the vertebrae vertebra on the sacrum 



Fig 3 — Sacralization of ttie fifth lumbar ver 
tebra Note the anomalous articulations between 
the transitional vertebra and the sacrum 



Tic 4 — Old sjmmetrical wedging of the lower 
thoracic and upper lumbar vertebrae This is 
usually due to an adolescent vertebral osteochon 
dritis or epiphjsitis 
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the foregoing facts m mind and for what it is worth based on the views 
available The films themselves weie in some instances good lathei than 
perfect, but if the films weie definitely at all unsatisfactoiy letakes w'eie 
made The area covered was from the nth thoracic veitebia to the low^ei 
sacrum 

The analysis of the senes wnll be found ^in Table I The pathologic 
conditions have been broken dowai lather minutely, and it wall be noted 
that the only grouped cases aie “othei miscellaneous anomalies,” w^hich 
contain only eight cases With this exception, every case is accounted foi 
in a definite place Table I is, foi the most part, self-explanatoiy, and only 
a few^ comments seem indicated 

The types of patholog}^ really group themselves into tw^o categoiies The 
first, consisting of the most serious types, includes hypei trophic changes 
(Fig i), old compiession fractuies, spondylolisthesis (Fig 2), sacio-iliac 
arthritis, tiansitional vertebrae (lumbarized ist sacral segment 01 sacialized 
5th lumbar segment) with anomalous transverse processes (Fig 3), and 
structuial scoliosis 

The second gioup contains the conditions wduch aie foi the most pait 
not so serious This gioup includes inci eased lumbar lordosis, lumbai iibs, 
osteopoiosis, foieign bodies, tiansitional veitebrae wutli no anomalous joint, 
auterioi w^edging of the body 01 bodies of the lowei thoiacic 01 uppei 
lumbar veitebrae, and naiiowang of the lumbosacral inteiveitebial space, 
posteiiorly 01 generalized The latter tw^o conditions aie w^oithy of special 
comment 

The old anteiioi wedging of the body of one 01 more uppei lumbai 01 
low^ei thoiacic ^elteblae is probably not often pioductive of symptoms 
(Fig 4) It is of great medicolegal impoitance, how^evei, foi otten loent- 
genogiams are taken after an injury has been received wFich might pioduce 
a compiession fracture, and a w^edging noted In these cases it is sometimes 
veiy difficult to be absolutely sure about when the injury w^as leceived, 
and if the case goes to litigation some medical witness may often be found 
who will testify it is lecent A preemplo3anent 1 oentgenogram will definitely 
settle this The veiy high incidence of old w'edging in oui senes (33 pei cent) 
should add w^eight to the belief that symmetrical w'edgings aie of little 01 
no clinical significance It has been suggested that most of^ them are due 
to a vertebral epiphysitis 01 osteochondi itis of adolescence 

The importance of nairowing of the luinbosacial intei space (and intei- 
veitebial disk) is the subject of some controvers) Syminetiical inaiked 
narrowing accompanies a transitional rertebra, and in these cases is part 
of the anomaly The cases classed as seveie nan owing (subluxation) aie 
those in wdiich there was veiy marked posterior narrowing of the joint space 
with backward displacement of the 5th lumbar vertebra on the saciuin 
(Fig 5)j ^'id another gioup with maiked symmetrical or posterior narrowing 
accompanied by sclerosis of the veitebral bodies in the areas closely adjacent 
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to the joint (maiginal sclerosis) The cases classed as mild narrowing in 
this series are those with only a little narrowing and with little or no backward 
displacement of the 5th lumbar vertebra With a quite definite narrowing 
of the lumbosacral joint space both anteriorly and posteriorly, or with marginal 
sclerosis of the adjoining veitebial bodies, they were not included in the mild 
giOLip Recently, a gi owing numbei of oithopedic surgeons (including the 
authois of this paper) have felt that lumbosacral subluxation is a common 
cause of low back pain The fact that ovei one-half (54 pei cent) of the 
cases in this senes had posteiior nan owing of the lumbosacral joint is not 
inconsistent with the above view, but it ceitamly indicates that the loent- 


3 



4 

* 

4 

4 

•V 


m 



Tig 5 — Posterior sublux^tlon of the fifth him 
Inr ^ ertebra on the sacrum Note the marked 
downward and backw ird disiilaccmeiit of the 
liftli hinibai vertebra 



Fig 6 — Multiple pathologic conditions liau 
matic Hedging ot the twelfth thoracic and first 
itimlai vertebrae, a small loose piece ot bone on 
the aiiteiosiipeiior margin of the fourth llimbai 
lertebi 1, and posterior limibos ici il subluMtioii — 
all in tile same indnidual 


genogidin alone is of little help in evaluating these cases as fai as excessive 
joint motion is concerned It is felt that mild or model ate posterior narrow- 
ing of the lumbosacral joint is 1101 mal, 01 at least a variant of the normal, 
since it IS present in at least some degree in over one-half the men m 
this series 

It IS Intel esting that in so Idi ge a senes there were no cases of tuber- 
culosis, osteomyelitis, 01 cases -with a previous fusion operation This -would 
lead one to thjnk individuals w'lth these conditions either feel they are 
permanently disabled or aie leally so disabled 

The analj'sis of gioss pathology is interesting in that altogether 86 per cent 
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of cases sho\Aed something that could be described It the cases of mild 
wedging of ^erteblal bodies and mild lumbosacral nan owing aie excluded 
(but still including those ivith lumbosacral nan owing accompanied with 
posterioi displacement of the veitebia above, those with sclerosis of the 
vertebral margins, and those wuth tiansitional vertebrae), the percentage of 
pathology is 31 per cent Of the original gioup, 49 pei cent showed multiple 
patholog}' (Fig 6), although many of these included lumbosacral narrowing 
or w-edging of the uppei lumbar 01 lower thoiacic veitebrae 

Of the 450 cases, 15 pei cent w^eie 1 ejected foi wmrk The authois felt 
fiom the standpoint of the patients’ loentgenograms they w-ere very liberal 
in allowing such a high percentage to go to w ork, for many of those allow ed 
to w^ork show'ed considerable pathology, and a definite 8 per cent (additional 
to the 15 per cent) showed very marked pathology w^hich might lead to 
trouble Thus, there w'as the almost astonishing figure of 23 per cent 
of cases in wdnch there were marked pathologic findings 

Comment — This series of cases bungs up a very real and impoitant 
problem as to what pathologic conditions render a man unemployable m 
heary mdustiy, and the authors are not prepared to answ^er this question 
It IS probabl}’’ an individual problem m each case Such things as an old 
compression fracture with marked hypertrophic changes, or a spondylolisthesis, 
are potentially dangeious from the employer’s standpoint as possibly produc- 
tive of S3’-mptoms, compensation or litigation The value of preemployment 
low^ back roentgenograms is certainly made clear in this senes, and it is 
hoped more of these may be made and reported in the literature, by others 

SUMMARY 

A senes is lepoited of 450 consecutive lumbosacial spine roentgenogi ams 
taken m applicants for w'ork m a heary industry 

Table I summarizes the pathologic changes found — and a ver}’- high 
incidence w'as present Thirty-one per cent of the cases show'ed significant 
pathologic changes, and in 15 per cent the pathology- w^as severe enough to 
render them unemployable m heavy industry, in the autli^’ opinion 

The conditions present aie analyzed and evaluated, and the great value 
of preemployinent 1 oentgenologic eKamination is pointed out 
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COMPAEATIW. VALUES OF VARIOUS 
IMETHODS OF RESUSCITATION 

Samuel A Thompson, M D 

New York, N Y 

FROM THE IABORATORIES or SURGICAE RCSCARCIt A'JD THE THORACIC SURGICAL SERMCC OF THE NEW \ORK 
MEDICAL COLLECr FLOWER AND EIETII AVENUE HOSPITALS NEW TORI , N 1 

In any AiTEMPi at i esuscitation following asphyxia, there are two 
important and fundamental factois which may determine the outcome The 
first IS the prompt employment of the i esuscitation procedure The second 
IS the inheient value oi efiectiveness of the procedure itself Of the first 
factoi, all mvestigatois are agieed upon the necessity for the prompt appli- 
cation of the 1 esuscitation piocedure Conceining the second factoi, how- 
ever, theie aie as many opinions as theie are different methods of resuscitation 
It IS important to keep in mind that lespiration and circulation are 
intimately i elated and cannot act independently of each other for any length 
of time Theiefoie, i esuscitation piocediues not only may have to be 
diiected towaids an adequate pulmonary ventilation but also towards an 
adequate cii dilation to cany the o\:)^gen to the heait and brain In asphyxia, 
howevei, the fiist effoits should be diiected towards pulmonary ventilation 
In the minds of the lait}'’ as well as most of the profession there is still 
the belief that manual artificial respiration is the “procedure of choice” in 
asphyxia Lougheed, Janes and HalP in an excellent experimental investi- 
gation came to the conclusion that “as a result of our experiments we consider 
that prompt, adequate and piolongcd artificial lespiration is the fundamental 
treatment foi drowned, asphyxiated or electrocuted persons ” 

Hendeison and Turnei- believe that manual artificial respiration is more 
effective than mechanical i esuscitation Coiyllos'* was of the opinion that the 
mechanical suck-aud-hlow lesuscitatoi was supeiioi to manual artificial 
respiiation Thus, the value of vaiious lesuscitative methods has been, 
and still is, a conti oversial subject 

Because of the conflicting opinions and the existing confusion, w’e have 
leviewed this problem and have attempted to clarify it experimentally by a 
ciitical compaiison of the methods in ordinaiy usage 

These methods fall into two general groups (i) Manual, and (2) me- 
chanical Our principal objectives rvere to compare the manual method wuth 
the mechanical methods and to determine the comparative values of the 
vaiious methods 

In this investigation dogs weie used throughout, and since a modified 
Sylvester method gave the gieatest amount of pulmonary ventilation, only 
this method of manual aitificial lespiration was used 

All methods produce pulmonar y ventilation m one of the following w^ays 

* Read before the New York Surgical Society, April 12 , 1944 
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(i) Positne inhalation and release produced by positive insufflation of the 
lungs, (2) deflation, produced b} external compression or by negative 
suction and (3) a combination of inhalation and deflation pioduced In 
positive insufflation alteinatmg nitli negatue suction deflation 

The manual method produces an actue exhalation or deflation of the 
lungs Inhalation is dependent upon muscle tone and the elastic recoil 
of the chest nail The mechanical apparatuses aie chiefly mhalators, insuf- 
flators and resuscitators The insufflatois produce an active inflation of 
the lungs Deflation depends upon the elastic recoil of the lungs and chest 
wall The resuscitators employ actue insufflation alternating with suction 
deflation of the lungs and ha\e either a volume or a pressure control 
Whether it be a pump automatically opeiated or the anesthetic bag manually 
compressed no apparatus, hon ever simple, is de\ oid of the danger of alveolar 
rupture unless it has a pressure control feature and only those apparatuses 
with pressure control should be used Simplicity does not always mean safety 

In comparing methods or mechanical apparatuses, it is desirable to 
ha\e all conditions of the tests as nearh constant as can be. and the test 
itself should eliminate as man} extraneous factors as possible For this 
reason we ha\e used the “asph}xial resuscitation test” as the method of 
comparison 

During the course of preMous experiments m resuscitation we obseiw^ed 
an interesting phenomenon w Inch, to our know ledge had not been previously 
described We'^ described and called this “the phenomenon of asphyxial 
resuscitation ” Briefly, it consists in the ability to regularly restore the 
circulation and respiration m advanced asph}xia, -n.'ithouf the benefit of o\ygen, 
by means of inflation alternating with suction deflation of the lungs, using 
an inert or asph}xiating gas (nitrogen, helium) 

Paradoxical as it may seem, it is possible to resuscitate an animal 
in asplnxia from the inhalation of an inert gas (when respirations have 
stopped and the blood pressure is at or rapidly approaching zero) by the 
rh}thmic inflation and deflation of the lungs, using the same gas which had 
just preMOusly been used to produce the asphyxia Resuscitation by this 
method is also possible in asphyxia produced by mechanical obstruction of the 
air passages 

Later experiments^ showed this phenomenon to be a reflex from nerve 
endings in the lungs, carried b)-^ way of the vagi to the medullary centers 
Adrian® has demonstrated in the lung the presence of nen^e endings called 
“stretch receptors” w'hich give rise to measurable action currents They are 
unaffected by anesthetics or by a lack of oxjgen and even cardiac cessation 
and circulator}" failure ha\ e no immediate effect upon them Their function 
IS to signal the ^ olume of the lung at each movement One set of the end- 
organs IS active only on inspiration or inflation of the lungs Another totally 
different set is stimulated b} suction deflation of the lungs This latter set 
of end-organs is not stimulated by the normal expiratory or respiratory 
movements and there is no evidence of their activity in moderate dyspnea 
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Foiceful deflation of the lungs by external compression of the thorax m some 
animals is not enough to stimulate these end-organs Houever, they do leact 
quite readily to suction deflation This provides a lathei complete answer 
to the question of why suction deflation is necessai) m resuscitation 

We have used the ‘'asphyxial resuscitation test” because it completely 
eliminates the stimulating effect of oxygen and places the entire burden of 
resuscitation upon the method or appai atus itself The test is made as follow s 
The animal (dog) is anesthetized with intrapentoneal nembutal An endo- 
tiacheal tube wuth occlusion cufl is nisei ted into the trachea, and the cuft 
IS inflated Undei air-tight pi ecautions a cannula is inserted into the pleural 
space The femoral aiteiy is ^ canniihzed These two caniuilae and the 
endotracheal tube aie connected to separate lecording mercury manometers 
wdiich legistei upon a single revolving dium The animal is now allowed to 
inhale, thiough the endotracheal tube, pure nitrogen gas, until asphyxia has 
progressed to a “critical point,” in the thud stage of asph3'xia This critical 
point is beyond the place w'here spontaneous resuscitation could occur and 
IS determined by respiratory cessation, a rapidly falling blood pressure, and a 
slowing with irregulanty of the heart When this “critical point” is reached, 
the method oi appai atus to be tested is put into operation, how^ever, the 
endotracheal tube is still connected with the pure nitiogen gas The method 
IS applied until resuscitation occurs or the animal dies Resuscitation is 
recognized by a sustained use in the blood pressure and the return of 
spontaneous respiration After the first spontaneous respiration has occurred, 
the endotracheal tube is disconnected fiom the nitrogen and is exposed to 
the atmosphere and all lesuscitative measuies are discontinued 

Asphyxia has been divided into foui stages Initial apnea, dyspnea, 
cessation of lespnation oi teiminal apnea, and arrest of heart Although it 
has been convenient to considei that the total duration of acute asphyxia 
IS approximately foui minutes, with each stage occupying about a minute, 
the actual duration of each stage and the total time may vary 

In evaluating lesuscitation methods it is necessary to considei the pos- 
sibility of spontaneous resuscitation and at wdiat point it may occur in 
asphyxia It w'as deinonstiated by Coryllos® that when asphyxia of sub- 
mersion IS interrupted befoie the middle of the third stage, spontaneous resus- 
citation IS possible , he considered that in obsti uctive asplij^xia removal 
of the obstructing agent before the end of the third phase is followed as a 
lule by spontaneous resuscitation ” Since he considered his stages to 
occupy about a minute, this wmuld place the critical point for spontaneous 
lecoveiy less than 30 seconds from the time respiration ceased m the case 
of submersion asphyxia and less than 45 seconds from the cessation of 
lespiiation in the case of obsti uction aspltyxia Lougheed, Janes and Hall, 

111 a study of asphyxia by drowming and tracheal obstruction, have found 
that aftei cessation of respiiation theie is a critical point at which the heait 
beat ceases to be expulsive In geneial, the point at wdiicli respiration ceased 
and the point at w'hicli the asphyxial piocedute w'as stopped could not exceed 
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i8 seconds if spontaneous lecoveiy weie to take place If this period was 
extended even a veiy few seconds longer, resuscitation would be impossible 
We" have shown that asphyxial lesuscitation (using an inert gas) is 
possible fai beiond the point in asphyxia wheie spontaneous recovery could 
take place Generally, we have started asphyxial resuscitation well beyond 
the 45-second point of the thud stage of asphyxia at a variable “critical 
point” where the heait action becomes altered and irregular The length 
of time which may elapse between respiratory cessation and the successful 
application ot asphyxial lesuscitation vanes m each experiment, the longest 
interval w as tw’o and three-quartei minutes In the usual resuscitation experi- 
ment, the circulation recovers first follow'ed by the recovery of respiration 
Even though the circulation has lecovered. the method is usually continued 
in action until spontaneous respiration has taken place, although this is not 
ahvays necessaiy 


Table 1 


rrFtCIFNC\ OF UIFFERFST RrSUSCITATU F PROCEDURES 
Ntlro^en 




Success 

Failure 

1 

Manual artificial respiration 

1 

6 

2 

Rhj thmic inflation 

2 

10 

3 

Rhythmic suction 

1 

4 

4 

Resuscitation (rh> thmic inflation and suction) 

30 

5 


Per Cent of 
Sucess 
IS 
17 
20 
85 


Comparing various methods of resuscitation® by this test (Table I) we 
found manual artificial respiration was successful in 15 per cent, inflation- 
and-release w^as successful in 17 per cent, suction deflation-and-release was 
successful m 20 per cent, combined inflation alternating w'lth suction de- 
flation was successful in 85 per cent 


Table II 


EFFtClEVC\ OF DIFFERENT RESOSCITATIVE PROCEDURES 

Oxygen 


Success 


1 Manual artificial respiration ^ 6 

2 Rhythmic inflation 7 

3 Rhythmic suction 4 

4 Resuscitation (rh> thmic inflation and suction) 21 


Per Cent of 
B allure Success 

5 55 

2 78 

I SO 

1 95 


When the tests w'ere repeated, using, however, oxygen (lOO per cent) 
instead of the nitrogen during the period of resuscitation (Table II), we 
found manual artificial respiration was successful in 55 per cent , inflation-and- 
release was successful m 78 per cent , suction deflation-and-release was suc- 
cessful m 80 per cent, combined inflation alternating with suction deflation 
w'as successful in 95 per cent 

Interpretation of these results show's the marked superiority of mechanical 
over manual methods of resuscitation Further analysis of these results 
show's the importance of using suction deflation m resuscitation procedures 
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since suction alone nas more successful than either manual artificial respira- 
tion or inflation and leleasc These lesults also show the superiority of 
mechanical resiiscitators using inflation alternating with suction deflation, 
over all othei methods 


CONCLUSIONS 

Since the piompt application of the resuscitative procedure is of prime 
importance and since manual artificial respiration is usually the only method 
at hand, it is suggested that in asphyxia, manual artificial respiration be im- 
mediately applied and continued until a mechanical lesuscitator using safe 
pressuie can be substituted The impoitance of using suction deflation in 
1 esuscitation has been shown Those resuscitators employing both insufflation 
as well as negative suction deflation aie the most efficient of the mechanical 
apparatuses and gave the largest peicentage of successful resuscitations It 
IS recognized that all methods of resuscitation are dependent upon patent 
an passages 
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In V preliminary communicauon on this subject^ it was lepoited that 
patients comalescing fiom gastiectomy, when fed with a high caloric and 
high amino-acid diet (niitiamigen) weie able to maintain a consistently 
positive nitrogen balance thioughout the postoperative period, to register a 
rise m body iveight, and to achieve an early return of strength and a sig- 
nificantty shortened convalescence This picture was m striking contrast 
AAith that of a similai gioiip of postopei ative patients undei the classical post- 
operative ward regimen, who had a consistently negative nitrogen balance, 
a loss of bod} w’eight, a longei period of postoperatue debility, and a more 
piolonged stay in bed 

The piesent series may be considered a continuation and furthei 
development of the pievious w'ork Of the 19 cases reported here, eight 
(Group A) w'ere on routine w'ard regimen, eight (Gioup B) were fed high 
caloric and high amino-acid mixture, and an intermediate group of three 
(Group A') w'ere fed, but not m enough quantities to maintain nitrogen 
equilibrium Seven m A, six m B, and all the three m A' had complete 
nitrogen balance studies foi from seven to 12 days Three patients each 
m A and B had ergographic tests performed 

experimental considerations 

The conditions under wdiich the present study was carried out were, 
111 the mam, similar to those m the first series The following modifications 
w'ere made in the light of additional experience 

(1) Types oj Case^ — Unlike the formei series which elmimated cases 
Avith complications, except wound infections, the present series w’^as a random 
one m w'hich cases wuth as well as wuthout complications were included 

(2) XJ&e of the Abbo U-Rawsont {AR) Tube — ^In the present work the 

* The work described in this paper aa'bs done under a contract recommended by the 
Committee on Medical Research betAA^een the Office of Scientific Research and De\’elop- 
ment and Ncav York University and read in abstract form before the Committee on 
CoiiA'alescence and Rehabilitation of the National Research Council, November 16, 1943 

t Professor of Cluneal Surgery, New York University College of Medicine, noAV 
Lt Col , M C , U S A 

$The Abbott-Rawsoii tube is manufactured by George P Pilling &. Son, Arch and 
23rd Streets, Philadelphia, Pa 
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AR tube, which was devised by Abbott-Raw son- for a similai puipose but 
which has been modified by leaving out the metal bucket, was used instead 
of the modified Miller- Abbott used in the former series The larger boie 
of the AR tube facilitated feeding and the lighter weight of the jejunal 
poition of the tube inmimi^ed the possibility of eiosion of the tissues at the 
anastomosis The consti uction and use of the tube is showm in Figure i 



Tig 1 —A line dr■^^^.ng shoeing the use of the Abbott Rnuson tube in g7Strectomj coses 

Having been tested for patency and autoclaved, the tube w'as passed into 
the stomach through one of the nares the night before the operation The 
next morning, one hour pi eoperatively, the- stomach ivas emptied by suction 
through both lumens of the tube During the operation and at that stage 
of anastomosis between the stump of the stomach and the jejunum when 
the row^ of hemostatic sutures had reached halfway round the anterior aspect 
of the stoma, the anastomosis was interrupted in order to pass the feeding 
end of the AR tulie into the jejunum This was done under asejitic pie- 
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cautions The asbislant giasped the distal loop of the jejunum foi a distance 
of 12 inches, holding it up between the fingeis of both hands The suigeon 
nisei ted a pan of long sponge-foiceps thiough the anastomotic opening 
into the lumen of the stomach and, by locating the tip of the tube with his fiee 
hand fi om the extei lor of the stomach wall, he picked it up with the sponge- 
forceps The foiceps. with the tip of the tube m the jaws, weie withdiawn 
lioni the stomach and inseited into the distal loop of the jejunum until the 
jTinction of the gastiic and jejunal poitions of the tube lay just proximal 
to the anastomosis The assistant, by palpating thiough the jejunal wall 
then located the tip of the tube and held it in place while the suigeon dis- 
engaged and withdiew the foiceps, nhich weie then discarded The opei- 
ative noik nas then lesumed 

Postopeiatively, foi fiom foui to six days, as indicated, Wangensteen 
suction nas maintained thiough the suction lumen of the AR tube, thus 
keeping the stomach empty 

The fluid and caloric intakes neie goxerned by the Collei and Maddock" 
pi inciples 

( 3 ) The Calonc Intake — In A the caloiic intakes weie all siibbasal, con- 
sisting solely of the infusions of dextrose m the fiist five to six days and of 
the sugar in tea and the peptonized milk given in subsequent days In A' 
the intake was almost basal, wdnle m B it w’as never undei 2,000 daily (50 
calories per kilogram body-w'eight). consisting m the first five to six days 
of ainigen and dextrimaltose. and in the balance of convalescence usually 
also of the fat piesent m nutiamigen 

(4) Use of Digcsfate Mi.xtuies — In the foimei senes nutiamigen was 
used exclusively Nutiamigen contains the casein digestate, amigen, lemfoiced 
with dextrimaltose, staich, fat. salts and yeast powdei It yields 47 caIoiie‘s 
and 0027 Gm of mtiogen per Gm The salts contiibute to the inineial 
balance and the yeast powder piesumably furnishes the vitamins This 
mixture has been used m pediatncs as the sole nutriment foi infants and 
babies for over five years'* Its composition, howevei, makes it difficult to 
make a stable instillable suspension, and dm mg the first four or five days 
postoperatively, when it may become necessary to use a high nitrogenous 
feeding in small volume, nutiamigen is unwieldy 

Amigen w'hich is moie soluble, moie easily maintained in suspension, and 
contains much moie nitiogen, is, theiefoie, indispensable It jnekls 34 
cals pel Gm , and contains 12 pei cent mtiogen Aside fioni sodium 
chloiide, no other constituents are piesent The nitrogen leqmrements aie 
fiist calculated (06 Gm N per the Kg body-weight) and then dextumaltoI>e 
was added in sufficient amounts to make up the requisite caloric intake Re- 
cently, it has been our practice m many cases to use amigen-dextnmaltose 
mixtures during the first five to six postoperative days, adding nutramigen 
after the AR tube was removed It w as thought desirable to do this m order 
not to deprive the patients of essential fatty acids for too long a period of time 
This use of vaiymg amounts of amigen and dextrimaltose also peimits a 
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gieatei elasticity in the adjustment of nitiogen and caloric intakes^ a j^roblem 
which IS sometimes difficult when eithei powder is used exclusively 

Amigen and dextrimaltose mixtmes, because of their high solubility, 
and lack of “bod}^’ may be made with any volume of water With nutra- 
migen, \\hich is less soluble, the use.of i cc of water pei Gm of the substance 
makes an easily mstillable mixtuie When amigen and nutramigen are used 
m the same formula, the use of i 2 to i 5 cc of water per Gm of nutramigen 
usually was enough to take the amigen into solution as well 

1 he powdered ingredients ei e weighed and mixed togethei m a mixing 
bowl The calculated volume of hot watei was then measured and poured 
into the powdei, stirimg all the time Aftei thorough mixing, the mixture 
was pouied into milk bottles and placed in the refrigeratoi at approxi- 
mately 40° F 

(5) Tile Nitiogcn hUakc — In A. the only nitrogen intake during the 
hist days postoperatively c\as,m the form of blood or plasma transfusions 
Othei than this, duimg the first five days it was almost ml From the sixth 
day on, small gradually increasing amounts of peptonized milk constituted 
the entire nitrogen intake At about the tenth day, more substantial food 
was added, the nitrogen content of which was calculated from the dieti- 
tian’s chart 

The patients in B derived then nitrogen intakes from the amigen or 
nutramigen given, the usual nitrogen intake being m the neighborhood of 
fi om 04 to 06 Gm pei Kg body-w eight, the latter amount exceeding the 
intake of a high piotem diet by i 5 to 2 2 times The patients in A' were 
also fed eithei amigen 01 nuti amigen, 01 both, but m quantities not sufficient 
to maintain caloric or nitrogen balance 

(6) The Feeding Schedule — It may be helpful to set forth in some 
detail the feeding regimen as now practiced in the feeding cases For the 
first 6 to 12 hours postoperatively, infusions of 5 per cent amigen in physiologic 
saline and dextrose solutions were given After that, for the cases in which 
the surgeon was sure of the flawdessness of his technic, feeding was started, 
beginning from 30 cc per hour for the first four to six hours to 50 cc every 
hour for the leinaindei of the first postoperative day The volume w^as 


inci eased 

fiom 60 to 90 cc 

on the second day and 

from 90 to 

100 cc 

thei eaftei 

The follownng is a 

sample schedule 




R B , Age 48, Weight 63 Kg 





N Intake 

Caloric 

P 0 Day 

By Tube-Gm 

By Vein-Gm Gm 

N Gm /Kg 

Intake 


Plasma 250 cc 8 8 

Amigen 50 

0 14 

1040 


I 

0 

Glucose 200 




Amigen 250 

Amigen 100 

067 

3815 

0 

D M 500 

Glucose 150 42 

3 

Same 

Amigen 50 

Glucose I 50 36 

057 

3560 

4 to II 

Amigen 350 

D M 600 

0 36 

0 56 

3420 
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It \m11 appeal fioni the above schedule that, during the first day, the 
calonc and nitiogen intake, when only intravenous infusions were given the 
fiist SIX to twelve hours, followed by 30 to 50 cc of 01 al feeding every 
houi, as lestiicted by the restriction in fluid intake and that intravenous 
feeding barely made up caloric and nitrogen requii ements On the second 
day the tube feeding alone yielded a sufficient caloric and nitiogen intake, 
but was insufficient foi fluid 1 eplacement , and, theiefoie, intravenous medica- 
tion had to be given On the thud day, the mtiavenous fluid supply was 
1 educed to one liter and aftei the fourth day this was dispensed with, 
the entire calonc, nitiogen and fluid lequii ements having been supplied 
through the tube 

It \m11 be recalled that, m oui fiist senes of cases, it was possible to 
dispense with intravenous fluid therap}' altogethei , thereby saving the patient 
a gieat deal of discomfort To do this, hovever, meant increasing the volume 
fed by tube to from 100 to 150 cc an houi, staiting after the first 12 hours 
This large volume of feeding for the fiist postopei ative da)'^ would not be 
easily acceptable to the aveiage surgeon For this leason, and for the 
reason that the patients under this moie conservative regimen did not seem 
to fare any worse, the above compromise feeding schedule is recommended 
In the ultimate analysis, a iigid program will only be rejected by most of 
theoSurgical profession and, thus, defeat its own purpose 

(7) Vitmmn Intake — Throughout convalescence, beginning fiom the first 
postoperative day, the following complement of vitamins was given intra- 
muscularly Thiamine chloiide, 50 mg , ascorbic acid, 100 mg , niacin, 50 mg 
After the fifth day, these vere given by mouth 

(8) Management of Distention and Dianhea — The incidence of early 
distention in this series Ts, unusually small in all groups When distention 
persists after the first 48 hours, small doses of prostigmin m combination 
vith the Harris drip rapidly reduced it In not one of the eight full feeding 
cases in this series was it necessary to discontinue feeding as a result of 
distention 

In our former senes when nutramigen was fed, diarrhea sometimes 
ensued after the first two or three days of feeding This was perhaps due to 
the presence of fat in the nutramigen * In the present series, using an 
amigen-dextnmaltose feeding mixture, whatevei tendency to diarrhea was 
present was controlled by the routine administration of amphojel, 4 cc 
four times daily, by the tube the first two days and by mouth thereafter 
Occasionally this was supplemented by small doses of paregoric 

(9) EigogiapJiy — The bedside ergograph, the construction and use of 
which has been described in a separate paper,° was used to test the endurance 
of the patients preoperatively and periodically, postoperatively in three patients 
in A— D F, Table V, F Me, Table VII, and M K, Table VI three in 
B— R B, Table XVI, C N, Table XIV, and A V, Table XIII This 
was an attempt to study objectrv'^ely whether there was asthenia 111 the control 
cases and early return of the patients’ stiength m the feeding cases — possi- 
bilities strongly suggested by oui first senes 
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A short dcsciiption of the test may not be amiss The upper extremit}' 
was placed on the board of the ergograph so that the forearm was free 
Through a cable and a set of pulleys, a weight of either 3 5, or 10 Kg , 
depending upon the robustness of the patient, was lifted and lowered, the 
excursions being registered on a moving drum These efforts w ere spaced 
every three seconds, and at the point when the patient felt painful fatigue 
in the aim, the lifting was discontinued This was the end-point The length 
of the entire test from the beginning of the first to the end of the last 
excursion is expressed in seconds and is called the ergograph-time (E T ) 


H*X O.F 



Graph i — The ergograph time of patient D F (Table V) under postgastrectomy ^\ard regimen 
Note that the initial ergograph time in Panel I was a', that Panel II on the fourth postoperatue 
showed a depression to 1 * 9*' 9 and that in Panels III, and IV, taken respectuely, on tne otfa ana iith 
postoperative days, the ergograph time had not reached the initial \ alue 

Graphs I and 2 show the ergographs of a control compared with a feeding case 
(10) Collection and Caie of Specimens —The urine and ieces w'ere 
collected according to the directions given in the prehminaiy report The 
chemical methods used w ere also the same as those used in that series 


ANALYSIS OP THL TABLES 

There are presented for analysis, 16 individual tables (Tables I to XVI) 
each recording the nitrogen intake and output, the nitrogen balance, the 
cumulative nitrogen status, the plasma proteins the hematocrit the weight, 
and the immediate postoperative history of the patient For purposes of 
simplification, the columns on fluid output, and volume of gastric drainage 
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in P inel III on the 8th postoperative dav the initial value had been exceeded 
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have been omitted These figures difitered very little from those of the 
previous series except that in one case (M K, Table VI), in whom there 
was frank postoperative hemorrhage, and m two cases (A S , Table Vlllj, 
and W C , Table IX, in whom hemorrhage was suspected, the volume of 
drainage resulting from the gastric suction was unusually large 

Table 1 

r W MALI 58 — CARCINOMA PVLORUS 
Nitrogen Output 



Daily Total 




Total 






N 

N 

Urinary 

Gastric 

Tecal 

N 

N 

Cum N 




Intake Intake 

N 

N 

N 

Output 

Balance 

Status P P 


Wt 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm Gm % Hem Kg Remarks 

Jan 12 








6 3 

41 

54 81 

13-14 




2 5 






Gastrectomy 

n-is 


2 8 

24 66 


1 44 

28 60 

-25 72 

-25 72 


500 cc W B 

15-16 

2 8j 







5 56 

39 


16-17 

2 85 

] 


1 3 







17-18 

3 8 

}■ 9 42 

■21 45 


1 44 

24 19 

-13 39 

-39 19 5 67 

39 


18-19 

2 77 

1 








S3 45 

19-20 

3 8 

3 8 

IS SO 


48 

IS 98 

-12 18 

-50 37 



20-21 

6 8 

6 8 

7 6 


48 

8 16 

- 0 84 

-52 21 


52 96 

21-22 

6 8 

6 8 

7 16 


48 

7 64 

- 0 36 

—52 57 



22-23 

6 8 

6 8 

7 6 


48 

8 08 

- 1 28 

-S3 85 



23-24 

7 15 

\ 14 30 

19 17 


96 

20 13 

- 4 83 

-58 68 


51 82 

24-25 

26 

7 15, 

f 








SO 

30 










49 55 Out of bed — 











17th day 

Total 

SO 72 


103 4 


5 76 

112 78 




Disch to sani 
tarium — (19th 
day) 

Avg 

4 23 


8 62 


48 

9 39 
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i 





Nitrogen Output 





* 













Daily 

1 otal 




Total 






N 

N 

Urinary 

Gastiic 

Fecal 

N 

N 

Cum N 


Wt 


Intake Intake 

N 

N 

N 

Output 

Balance 

Status P P 


Date 

Gm 

Gm 

Gm 

Giji 

Gm 

Gm 

Gm 

Gm Gm % Hem 

Kg Remarks 

March 









42 

62 25 

C 








6 12 

d 

6- 7 

7- 8 

17 5 ' 

1 24 75 

31 88 

6 55 

41 

38 87 

-14 12 

-14 12 


Gastrectomy 

500 cc W B and 

7 2SJ 

I 


















amigen 

Temp 102 8° 

Pulmonary 

atelectasis 

8-9 

> 

0 

1 85 

27 85 

11 57 

44 

39 86 

-39 01 

-53 13 6 71 

43 

Temp 102 6° 

9-10 

10-11 

11-12 

85 

1 32I 

1 82j 

f 

[ 6 78 

36 48 

1 

6 38 

66 

43 53 

-36 74 

-89 87 


Temp 101 4° 
Temp 102 2° 
Temp 102 5° 
,Temp 101 8° 

12- 13 

13- 14 

14- 15 

15- 16 
Avg 

25 

3 64 
3 111 

3 4 1 

4 2 J 

[• 10 71 

Lta. 

33 88 


66 

34 54 

13 68 

-23 83 

-113 7 

37 

Temp 102 4° 
Temp 101 6° 

57 72 Temp 102 

Temp normal 










Out of bed (19th 
day) 

Discharged to 
sanitarium (25th 
day 

31 


Total 


43 09 

130 09 



2 2 

156 8 




Avg 


4 31 

13 01 


22 

IS 68 
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Tablc 111 

T S M\l.C 6-1 — DUODLN \L ULCLR 
^l(rogt^l Output 



D viK Tot d 




Total 







N 

N 

Urinary 

Gastric 

Fecal 

N 

N 

Cum N 





Intake Intake 

N 

N 

N 

Output 

Balance 

Status 

P P 


Wt 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm % 

Hem 

Kg 

March 

23 

23-24 

2 8l 

1 ® 

23 12 

9 06 

1 0 

33 18 

-30 38 




55 S 

24-25 

0 i 











25-26 

0 1 



10 3 








26-27 

0 ' 

1 ° 

36 99 


1 5 

48 79 

-48 79 

-79 17 

4 52 

24 


27-28 

0 J 










52 1 

28-29 

4 3 

1 










29-30 

4 2 

t 13 7 

29 04 


1 5 

30 54 

-16 84 

-96 01 




30-31 
■kpri! 1 

S 2' 

1 







4 39 

30 

49 05 

U 











48 3 

13 












Total 


16 5 

89 IS 


4 0 

98 81 






A%g 


2 1 

11 14 


5 

12 35 







Tvblc IV 

J U , MALL 34 — DUOBCMAL ULCER 
Nitrogen Output 



Daily 

Total 




Total 







X 

N 

Urinary 

Gastric 

Fecal 

N 

N 

Cum N 





Intake 

Intake 

N 

N 

N 

Output 

Balance 

Status 

P P 


Wt 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm % 

Hem 

Kg 

April 1 









6 25 

42 

64 32 

1-2 

2 8\ 

2 8 

12 28 

9 09 

1 00 

22 37 

-19 47 





2-3 

0 1 











3-4 

0 1 











4-5 

0 ' 

\ ° 

24 2 

9 29 

1 5 

34 99 

-34 99 

-54 46 




5-6 

0 1 

1 










6-7 

6 S i 

1 


3 8 





6 04 



7-8 

6 2 ! 

19 45 

38 4 


1 5 

43 7 

-24 25 

-78 71 




8-9 

6 Ail 

1 










11 











60 05 

24 












May 









5 99 

37 


11 












Total 


22 25 

74 88 


4 0 

101 06 






Avg 


2 78 

9 36 


5 

12 63 







107 


Remarks 
Gastrectomy 
SOO cc W B 

Fever 101'’ 

Fever 

Fever 

be\ erto 10th day 


Out of bed 
(18th day) 
Discharged 
(20thdaj) 


Remarks 

Gastrectomy 
500 cc W B 

Fever 102°, chills 
Mucopurulent 
expectoration, 
X-rays negative 
Fever between 
101-103° to 12th 
PO day 


Out of bed 
{23rd day) 
Discharged 
(39th day) 
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Tvblc V 

D I MALn 55 — CARCINOMA PALOKUS 
Nitrogen Output 



D uly Total 




Total 


N 

N 

UrimrA 

Gubtric 

Tecal 

N 


Intake Intake 

N 

N 

N 

Output 

D Ue 

Gin 

Gin 

Gm 

Gm 

Gm 

Gm 

Oct 







30 







30-31 

2 4' 

1 





No\ 


4 8 

19 03 

2 89 

82 

22 74 

31-1 

2 4 






1-2 

2 4' 








2 4 

20 46 

6 52 

1 23 

28 21 

2-3 

0 






3-4 

0 J 






4-5 

2 2 ] 






5-6 

2 l] 

► 8 6 

17 23 


1 8 

19 03 

6-7 

4 2j 






7-8 

4 21 

. 8 * 

20 82 


1 2 

22 02 

8-9 

4 2j 






9-10 






9 2 


U 

17 


19 


N 

Cum N P P 



Balance 

Status Gm % 

Wt 


Gm 

Gm or A/G Hem 

Kg 

Remarks 

-17 94 

3 31/1 92 32 

59 

Erg T —120 tec 
Gastrectomj — 

2 units plasma 


S 17 42 


Erg T 69* 
Temp rise m 

-25 81 

—43 75 5 11 


p M to 102° 
Febrile 

Febnle 

\\ ound infection 

-10 43 

-54 IS 


Erg T — 78" 
Wound still dis- 
charging 

-13 62 

-67 80 5 09 39 

SO 

Temp normal 
Erg T —108" 




Out of bed AAeak 
(18th daji 
Discharged 
(20th daj) 


Total 24 2 77 S4 5 05 92 

Avg 2 42 7 75 5 9 2 


TaulC VI 

M K AIALU 55 — DCODLN AL OLCUK 
Nitrogen Output 



Daily Total 




Total 


N 

N 

Urinary 

Gastric 

Fecal 

N 


Intake Intake 

N 

N 

N 

Output 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Dec 







15 







16-17 

14 8l 

1 





17-18 

12 

1- 32 6 

51 86 

lo 71 

2 2 

67 77 

18-19 

5 8 

1 





19-20 

14 8] 

1 





20-21 

2 2 

\ 19 2 

69 6 

14 9j 

1 27 

85 80 

21-22 

2 2 1 

1 





2 2-2 A 

4 2] 






23-24 

4 2 

r 14 6 

41 2 


1 27 

57 07 

24-25 

0 2j 






28 







Total 


66 4 

162 66 


4 74 

210 64 

Avg 


7 4 

18 07 


53 

23 40 


N Cum N 

Balance Status 

P P 


Wt 


Gm Gm 

Gm % 

Hem 

Kg 

Remarks 





Erg T —398" 


5 62 

41 

68 

Gastrectomi 
500 cc W^ B 
Gastric hemor 

—55 17 




rhage 500 cc 
W B 

Temp 104°, 

-66 6 -101 77 

5 62 

30 


shghtlj icteric 
Erg T— 299" 
Febrile 

-42 47-144 84 




Temp normal 


61 81 Erg T— 300" 
Out of bed 
fI3th dav) 


108 



\ohinit' 120 
\ umbel 1 
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Tablp VII 

r MC , MAI C, 46 — DUODENAL ULCER 
Nitrogen Output 


DaiK 

N 

Intake 
Date Gni 


Tot il 

N Unu'ir\ Gastric 
Intake N N 

Gin Gin Gm 


Total 

Fecal N N 

N Output Balance 
Gin Gin Gm 


Cum N 

Status P P Wt 

Gm Gm % Hem Kg 


Remarks 


Ma% 



















Erg T— 114" 

7 














5 

48 

33 

52 

5 

Gastreetomy, 
May 8 

2 units plasma 

8- 9 

2 

4l 

















Temp 102 6° 

9-10 

2 

4| 

[ ^ 

8 

22 

42 

CC 

51 

29 

31 

-24 71 








Febrile 

10-11 

0 













5 

09 

30 

49 

09 

Febrile 

11-12 

0 


1 
















^Febrile 

12-13 

0 

1 

I 



27 

32 

2 07 3 

51 

32 

90 

-32 94 

-57 

65 






Febrile 

n-14 

0 

J 

0 
















Febrile 

Erg T— 42" 

14-15 

1 

2] 

1 











5 

81 

32 



Temp normal 

14-15 

2 

2 


2 

21 

14 

3 

51 

27 

65 

20 4 5 

-78 

10 







16-17 

3 

sj 

j- 7 

















17-18 

3 

81 

1 

















18-19 

4 

4 

1 

6 

27 

65 

3 

51 

31 

16 

-18 56 

-96 

66 

5 

53 

33 




19-20 

4 

4j 

1 














47 

95 

Erg T— 84" 

25 

















47 

27 

Out of bed 
(17th dai) 

28 

















45 

91 

Discharged to 
Sanit (20th day) 

Total 



24 

6 

101 

53 

14 

04 

121 

02 










A\g 



2 

05 

8 

63 

1 

17 

12 

1 











Table VIII 

A S MALE, 28 — DUODENAI UI Cl R 
Nitrogen Output 



Daily Total 




Total 


N 

N 

Urinar\ 

Gastric 

Fecal 

N 


Intake Intake 

N 

N 

N 

Output 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

May 







26 







27-28 

2 8l 






28-29 

12 8 

r 27 6 

41 93 

14 19 

1 53 

57 65 

29-30 

12 1 






30-31 

12 5| 






June 

1 

1 





31-1 

10 5 

1 41 0 

37 44 

23 29 

1 53 

62 26 

1-2 

18 J 

1 





2-3 

10 1 

1 





3-4 

12 

^ 32 5 

34 5 


1 53 

36 03 

4-5 

8 5^ 

1 





5-6 







6-7 







7-8 







10 





f 


Total 


10 11 

113 42 


4 59 

155 94 

A\g 


11 2 

14 91 


51 

17 33 


N 

Cum N 



Balance 

Status 

P P Wt 


Gm 

Gm 

Gm % Hem Kg 

Remarks 



41 37 

Gastrectomy, 
May 27, 500 cc 
W B 

Cyanosis 

-30 05 



Cianosis 

Cyanosis 

Cyanosis 

Cyanosis 

-21 26 

-51 31 


unexplained 

Cyanosis 

disappeared 

Cyanosis 

-30 53 

-55 84 

37 

disappeared 


Out of bed 
June 10 
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Table IX 

W C MALE 30 — DUODENAL ULCER 
Nitrogen Output 



Daily 

Total 




Total 


N 

N 

Urinarj 

Gastric 

Fecal 

N 


Intahe Intake 

N 

N 

N 

Output 

Date 

Gin 

Gin 

Gm 

Gin 

Gm 

Gm 

March 

12 

12-13 

10 8 I 






13-14 

21 75 

r 51 82 

49 06 

54 94 

1 77 

105 77 

14-15 

19 27] 






15-16 

19 271 



13 25 



16-17 

20 75 

1 59 29 

59 57 


1 77 

74 59 

17-18 

22 75, 






18-19 

18 75] 

1 





19-20 

22 75 

r 64 25 

58 49 


1 77 

60 26 

20-21 

25 

22 75J 






31 







Total 


175 36 

167 11 


5 31 

240 62 

Avg 


19 37 

18 57 


59 

26 74 


N 

Cum N 





Balance 

Status 

P P 


Wt 


Gm 

Gm 

Gm % Hem 

Kg 

Remarks 






Gastrectomj 



6 17 

45 

57 27 

500 cc W B 

-55 95 





Fever — 104° 
Pulm atelectasis 
LLL 

Febrile 

-15 30 

-49 25 

6 60 

30 

52 41 

Febnle 

+ 3 99 

-45 26 

6 43 

27 

53 22 

Fever still 101 8 


98 8° 

Out of bed 
(13th day) 
Discharged — 
{19th day) 


Table X 

J B MALE 49 — DUODCNM UI CER 
Nitrogen Output 



Daily 

Total 




Total 


N 

N 

Urinary 

Gastric 

Fecal 

N 


Intake Intake 

N 

N 

N 

Output 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Mar 1 







1- 2 

12 1 

1 20 05 

22 29 

1 35 

66 

24 3 

2- 3 

8 05, 

f 





3- 4 

8 54 I 

^ 19 18 

29 32 

96 

66 

30 94 

4- 5 

10 64j 

f 





5- 6 

6 55] 



48 



6- 7 

7 74 

► 19 97 

25 29 


99 

26 76 

7- 8 

5 681 






8- 9 

5 47^ 






9-10 

6 631 

I- 19 73 

32 88 

y 

99 

33 81 

10-11 

7 63j 






Avg 








April 8 




Total 

79 13 

109 28 

3 3 116 

Avg 

7 91 

10 98 

33 11 


N 

Balance 

Gm 

Cum N 
Status 
Gm 

P 

Gm 

P 

% 

Hem 

Wt 

Kg 

Remarks 



S 

85 

40 

42 72 

Gastrectomy 


- 2 01 


-10 

76 

-12 

77 

5 99 

33 

41 

81 


- 6 

31 

-19 

08 



41 

59 

Fever— 102 6° 
Fever 

Fever 

-14 

08 

-33 

16 

5 21 

36 

41 

02 

Fever 

Fever 

Wound abscess 


13 th day — fever 
for 6 days after 
Bed sores 
Out of bed 
(37th da>) 
Discharged 
(42nd day) 


no 



\ oIiiniL IJO 
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Table XI 

; 

G II , MALE 39 — CARCINOMA P\LORUS 
Nitrogen Output 



Daib 

Total 




Total 


N 

N 

Urimrj 

Gastric 

Fecal 

N 


Intake 

Intake 

N 

N 

N 

Output 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Feb 1 







2- 3 

26 65 


19 73 

71 

1 69 

22 13 

3- 4 

27 9 


16 36 

1 26 

1 69 

19 32 

4- 5 

25 1 


13 31 

1 82 

1 69 

17 32 

5- 6 

22 08 


18 76 

97 

1 69 

21 41 




6- 7 

27 

9 

IS 10 

1 31 

1 

69 

18 

1 

7- 8 

23 

4 

18 65 

46 

1 

69 

20 

8 

8- 9 

23 

4 

14 94 

07 

1 

69 

16 

69 

9-10 

23 

4 

23 87 


1 

69 

25 

56 

10-11 

23 

4 

17 49 


1 

69 

19 

18 

11-12 

23 

4 

22 96 


1 

69 

24 

65 

12-13 

23 

4 

16 53 


1 

69 

18 

22 

13-14 

23 

4 

21 30 


1 

69 

22 

99 

15 










N 

Cum N 





Balance 

Status 

P P 


Wt 


Gm 

Gm 

Gm % 

Hem 

Kg 

Remarks 



6 36 

60 

64 8 

Gastrectomy 


+4 

52 

+ 4 52 



+8 

59 

+ 13 11 



+7 

78 

+20 89 



+ 

67 

+21 56 6 5 

54 65 1 

Fever 108° L U 





atelectasis with 





pneumonitis 





(Xray confirmed) 

+9 

8 

+31 36 



+2 

6 

+33 96 6 36 

SO 


+6 

71 

+40 67 


Temp normal 

-2 

16 

+38 51 



+4 

22 

+42 73 

66 54 


-1 

25 

+41 48 



+5 

18 

+46 66 



+ 

41 

4 47 07 

67 

Out of bed 


(13th day) 

6 36 49 


16 

Total 293 43 
^\g 24 45 


219 00 21 9 20 28 231 26 

18 25 8 22 1 69 20 53 


Discharged 
(ISth day) 


Table XII 

P R , MALE 48 — DUODENAL ULCER 
Nitrogen Output 



Dailj 

Total 




Total 







N 


N 

Urinary 

Gastric 

Fecal 

N 

N 

Cum N 





Intake 

Intake 

N 

N 

N 

Output 

Balance 

Status 

P P 


Wt 

Date 

Gm 


Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm % 

Hem 

Kg 

Feb 26 









5 7 

33 

75 

27-28 

42 8 

1 

74 8 

25 11 

5 14 

2 34 

32 59 

+ 10 21 

+ 10 21 




28-31 

32 J 

r 











March 













1-2 

32 1 

1 

64 

35 94 

17 12 

3 51 

56 57 

+ 1 43 

+ 17 64 

6 46 

33 


2-3 

32 

f 











3-4 

32 1 

i 











4-5 

32 ! 


96 

46 85 

22 76 

3 51 

73 12 

+22 88 

+40 2 




5-6 

32 












6-7 

32 











77 27 

8 

32 












9 

32 











79 54 

10 

32 












Total 

362 8 



107 9 


9 36 

162 28 










IS 41 


1 34 

23 18 






Avg 

32 97 












Remarks 

Gastrectomy 


Out of bed 
(8th day) 


Discharged 
(11th day) 


111 



CO TUI, WRIGHT, MULHOLLAND, CARABB^, BARCHAM, VINCI 


Annals of Surgery 
T u 1 j 19 4 4 


Table XIII 

A V MALE 55 — DUODEVAL UI CER 
Nitrogen Output 



Daily 

Total 




Total 








N 


N 

Urinary 

Gastric 

Fecal 

N 

N 

Cum N 






Intake 

Intake 

N 

N 

N 

Output 

Balance 

Status 

P P 


\Vt 


Date 

Gin 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm % 

Hem 

Kg 

Remarks 

July 














18 










6 26 

41 

67 

Erg T— 270" 
Gastrectomy 

19-20 

111 

L 











t. 

20-21 

21, 

[ 

3S 

38 2 

1 63 

1 

40 88 

- 5 88 

- 5 88 

6 19 

36 



21-22 

30| 

1 

1 



11 91 








Uxevplamed 
fev er — 106° 

22-23 

6 

1 

1 

l 

1 

66 

42 64 


1 5 

55 55 

+ 10 45 

+ 4 57 




Unexplained 
fever — 104° 
Erg T —189" 

23-24 

30 

i 








5 87 

39 

68 7 

Temp norma' 

24-2 S 

27"' 

1 












2S-26 

30 


87 

32 23 


1 S 

33 73 

+53 27 

+57 84 

6 07 

35 


Erg T— 327" 

26-27 

30 

1 












27-28 

30^ 

1 












28-29 

35 


100 

24 67 


1 5 

25 87 

+45 13 

+102 97 





30 

35, 









6 66 

33 

71 85 

Out of bed 
(9th day) 

Erg T —348" 

Aug 1 













Discharged 
(1 1th day) 

Total 



288 

137 94 


5 5 

156 03 







A\g 



26 2 

12 54 


5 

14 18 














Table XIV 











C N 

MAI E 

59— CARCINOMA P\ LORES 










Nitrogen Output 









Daily 

Total 




Total 


Cum N 







N 

N 

Urinary 

Gastric 

Fecal 

N 

N 




\Vt 



Intake 

Intake 

N 

N 

N 

Output 

Balance 

Status 

P 

P 


Remarks 

Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

% 

Hem 

Kg 

fulv 

10 









6 

25 

38 

54 

Erg T— 213" 
Gastrectomy 

11-12 

lOl 









75 

37 



12-13 

18 

60 

37 36 

4 52 

1 56 

43 46 

+16 54 

+16 54 

5 


Fever — 104° Pul- 

13-14 

24J 



5 04 









monary path ? 
Fe\er — 101 6° 

14- 15 

15- 16 

241 

3U 

83 

29 1 

1 56 

35 7 

+49 3 

+65 84 

5 

43 


56 

Temp normal 
Erg T— 144" 

16-17 

30 j 











17- 18 

18- 19 

30| 

30 V 

90 

71 21 


1 56 

72 77 

+ 17 23 

+83 07 

5 

34 



Erg T— 231" 
Out of bed 

19-20 

3oj 












(10th day) 

20-21 

21-22 

sol 

30l 

90 

38 91 


1 56 

33 97 

+54 03 

+ 137 10 

3 

71 

38 

59 3 

Erg T— 327" 
Discharged 

22-23 

3oJ 












(13th day) 

Total 


325 

176 58 


18 92 

187 9 








Avg 


27 08 

14 72 


32 

15 66 
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Table XV 

E n , MALE, 35 — DUODENAL ULCER 
Nilrogcn Output 



DaiK Total 




Total 








N 

N 

Unnan 

Gastric 

Fecal 

N 

N 

Cum N 






Intake Intake 

N 

N 

N 

Output 

Balance 

Status 

P P 


Wt 


Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm % Hem 

Kg 

Remarks 

Dec 













1 









5 24 

32 

36 82 

Gastrectomy 













3 units plasma 

1-2 

8 4] 












2-3 

36 

• 68 4 

19 07 

22 529 

o 

00 

38 68 

+29 72 

+ 19 72 





3-4 

24 j 











Fever— 103° 













* Purulent bron- 













chitis? 

4-5 

24 I 











Fever— 101 8° 

5-6 

24 

i- 72 00 

22 07 

10 145 

7 08 

39 3 

+32 7 

+62 42 

5 31 

33 


Temp normal 

6-7 

24 












7-8 

24 

i 


18 3 









8-9 

24 

72 

21 23 


7 08 

46 61 

+25 39 

+87 81 

4 77 




9-10 

24 1 

I 











10-11 

24 ^ 


18 88 


4 72 

23 60 

+24 94 

+ 112 75 




Out of bed 

11-12 

2'1 

J 










doth day) 

18 









5 41 

39 

42 67 

Discharged 













(I7th day) 

Total 


260 4 

71 25 


25 96 

148 19 







A\g 


2o 68 

6 48 


2 36 

13 47 








Table XVI 

R B MALE 48 — DUODENAL tlLCER 
Nitrogen Output 


Dailv Total Total 



N 

N 

Urinary 

Gastric 

Fecal 

N 

N 

Cum N 





Intake Intake 

N 

N 

N 

Output 

Balance 

Status 

P P 

Wt 


Date 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm % Hem 

Kg 

Remarks 

Nov 












20 









6 14 43 

60 23 

Erg T— 54" 

22-23 

38 8 

80 8 

34 18 

3 97 

1 14 

40 29 

+40 51 

+40 51 



Nov 22— 

23-24 

42 

J 









Gastrectomy- 
500 cc W B 

24-25 

36 1 











25-26 

36 1 

108 

67 18 

5 84 

3 21 

76 23 

+31 77 

+72 28 




26-27 

36 1 











27-28 

36 j 









63 

Erg T— 110' 

28-29 

36 

' 108 

55 64 


3 21 

58 85 

+48 15 

+120 43 




29-30 

Dec 

36 j 








6 3 44 


Erg T —120' 

30-1 

36 1 

? 

44 25 


1 14 

46 39 

+24 61 

+145 04 




1-2 

36 J 

1 










3 










64 55 

Erg T— 160' 
Out of bed 

8 











(10 days) 
Discharged 
(ISth day) 

Total 


368 8 

201 25 


8 7 

218 7 






Avg 


36 88 

20 13 


87 

21 87 
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Table XVH is a master table summaiiziug the findings in the thiee gionps 
nith lelevant coiielative calculations and ^^lth columns numbered foi ready 
reference In A, theie was included an additional case (R G), m whom 
the intiogen-halaiice study was not done, hut m whom the weight-cuive 
and the peiiod of stay in bed nere lecoided In B, theie weie also two such 
cases (A H and G S ) 

The N'ltiogen Intake — Column 8, Table XVII, shows that in both A 
and A' the nitiogen intake was abnoimally low, langing fioni a minimum 
of 2 I Gm pel day (T S ) to a high of 7 4 Gm (M K ), most values being 
111 the neighboihood of 2 01 4 Gm daily The intake per kilogram body- 
weight ranged fiom oo4(T S,P G,D F, and F Me) to o ii Gm 
(M K ) In B, the intakes ranged from 24 (G S ) to 37 Gm daily (R B ), 
or from o 39 (A V ) to 65 Gm (E B ) per Kg body- weight These intakes 
are much highei than those obtained by high piotein diets, and m a yo-K.g 
man would correspond to from about 750 to 1350 Gm of meat daily 

[/nnniy Nitiogen — In A and A', except for the cases in which melena 
occuired, the urinar)'’ nitrogen excretion was unusually low, ranging from 
7 to 12 Gm as a daily average, except foi G W (Table I), whose excretion 
rose to 15 5 Gm on the seventh day, without assignable cause, and for A D 
(Table II), whose excretion was 3188 Gm for the first two days There 
IS, thus, m this and in our pievious series, little evidence of a significant 
and sustained laige loss of uiinaiy nitrogen following such a major surgical 
insult as gastiic resection It must, however, be lemembered that all these 
patients had underiiutrition before they came to operation and were 
in practical staivation fpi several days following The finding by Cuth- 
bertson^* that starved animals sustaining injuries do not lose the amount of 
nitrogen lost by previously normal animals, may explain this small loss 
encountered in oui cases ' 

In the group with hemoirhage, or suspected hemorrhage, where the 
gastric nitrogen was unusually high, there uas also a high urinary nitrogen 
excretion— 14 9 Gm for A S (Table VIII), 18 17 foi M K (Table VI), and 
18 57 for W C (Table IX) Here the high urinaiy nitrogen may be explained 
on the basis of “alimentary azotemia,” which has been reported by Chunn and 
Harkins,^' and others, as accompanying gastro-intestinal hemorrhage 

In B, as may be expected from the high nitrogenous diet, the urinary 
output was geneially considerably largei E B (Table XV) was an excep- 
tion, with an average excretion of only 6 48 Gm daily However, she had 
suffered a large loss of weight befoie entry into the hospital, at which time 
hei weight was only about 37 Kg The other cases had avei age urinary niti o- 
gen values of fiom 12 54 {A V , Table XIII) to 20 13 Gm (R B , Table 
XVI) These values do not diftei much fiom the values of 0111 fiist series 
of feeding cases 

Die Fecal Nitiogen — In the total numbei of ten cases, m the Groups 
A and A', except foi the three cases of postopeiative hemonhage, the fecal 
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exci etion was inclined to be on the starvation level — inostl}’^ under o 5 Gm 
dail}'- In only one case (F Me, Table VII), did it consistently average 
over I Gm daily In the thiee cases of actual or suspected hemorrhage, 
the fecal exci etion was over o 5 Gm , but under i Gm In B, the excretion 
values were ovei o 5 Gm daily in two cases, over i Gm m three cases, rising 
to ovei 2 Gm daily in one case This is to be expected with the high 
nitrogen intake, although it falls below' the average value of 10 per cent 
of the intake, as is assumed to be the case with the ingestion of natural food 
This finding may indicate that pieparations like amigen are more complete!} 
<ibsorbed than natuial food These fecal nitrogen values accord with the 
findings in oui previous series Column 10, Table XVH, gives the average 
daily values for fecal nitrogen 

Gasf)ic Nifiogen — The amount of nitrogen present in the Wangensteen 
suction varied from a fraction of i Gm daily to almost 10 Gm It is possible 
that figures above this may point to a postoperative hemorrhage In the one 
case in wduch there v as frank postoperative hemorrhage (M K, Table VI) 
and m tw'o 111 whom postoperative hemorrhage was suspected, this figure 
rose to as high as 23 Gm a day (M K Table VI) 

The Total }^itiogcn Output — Although the uiinar} \alues were low in 

A. and V', the additional nitrogen los^ in the gastric suction tended to make up 
the total nitiogen values, so that the total nitrogen excretion was not far 
below' accepted noiinal i allies — the lowest daily average being over 9 Gm 
(G W, Table I, and D F, Table V) However, only in the cases with 
detected or suspected heinoirhage was total nitrogen excretion much aboie 
normal accepted values (M K, Table VI, A S, Table VIII, and W C 
Table IX) 

In B, total nitrogen excretion was high as might be expected from the 
increased nitrogen intake 

The Nitiogen Balance — V ith the exception of one three-day period in 
the case of W C (Table IX). the nitrogen balance in A and A' was 
consistently negative in the tw’O groups In B with the exception of the 
first day, w'hen the intake in some cases was deliberately restricted tire 
nitrogen balance w’as consistently positive throughout the feeding period 
This nitrogen gam on the part of the body ran from a fraction of r Gin 
a day to as much as 55 Gm in a three-day period 

The Cumulatwe Nitiogen Status and the Weight-Cin-ve —CoXnvans ri 
and 12 111 Table I represent, respectively, the cumulative nitrogen status and 
the weights of the patients The cases in A and A’ all showed nitrogen 
deficits ranging from 35 55 ^ Table IX), to 14060 Gm (T S 

Table III) These were associated with marked w'eight losses ranging from 
I 7 Kg (J B , Table X) to 1023 Kg (A D , Table II) In the cases in 

B, the nitrogen surplus ranged from 45 13 Gm (A V ) to 145 04 Gm (R B ), 
and the w'eight gains from 2 2 Kg (G H ) to 6 Kg (G S ) Theoretically, 
for every 32 Gin of nitrogen lost or gained by the body, there ought to be 
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a conesponding loss oi gam of i Kg of weight Unfortunately, for a 
better con elation, the weights weie not taken simultaneously with the 
termination of the mtiogen balance studies How^evei, it can be seen from 
the figures m all three groups that, although there w^as no stirct mathematrcal 
parallelism betw^een the magnitude of mtiogen deficits and sui pluses, large 
losses of mtiogen were associated with large losses m weight and large 
gams of mtiogen with large gams in weight 

The Plasma Piotcin and Hematoent Levels — In the previous report it 
w^as stated that the general tendency of the plasma piotein level w^as downiw^aid 
m the control group, and upw-ard, or relatively stationaiy, m the followmig 
group In the present group of six contiol cases, a downw^aid tendency 
was discerned In A' theie seemed to be a suggestive use The picture w'as 
somewhat erratic in B, the trend being upward in three, statronaiy rn one. 
and downward in two Noi did there seem to be any consistent pattern 
to the hematocrit values except m the two cases with postoperative heinoi- 
rhage In any event, the changes m the protein values downw^aid or upw-ard 
did not seem significant, and m the absence of blood volume determinations 
neither ralue is mterpietable 

Eigogiapli Tune and Postopei atwe Asthenia — Patients D F (Table V), 
F ]\Ic (Table VII), and M K (Table VI) m A and patients R B , C N , 
and A V m B were tested wnth the bedside ergograph The tests were 
performed one or tw^o days befoie the opeiation and m the fourth, eighth 
day and twelfth day postopei atively As may be seen from column 13 of 
Table XVII, both groups showed a depression of the ergograph time on the 
fouith postoperative day In the cases in A the 1 etui 11 to normal had not 
occurred on the twelfth postoperative da}, while the thiee cases m B had 
exceeded their initial ergograph time m from the fifth to the ninth day 
postoperatively Graphs i and 2. respectively, lepiesent a control case (D F , 
Table V), and a feeding case (C N Table XIV) The initial ergogiam- 
time (E T ) m Panel I (Giaph i) w'as 120 seconds The E T m Panels 
II, III and V, respectively, 4, 8, and ii days postoperatively aie 69, 78, 
and 108 seconds Thus, on the elerenth day, the endurance had not yet 
leturned to the initial level The initial E T Panel I, Graph 2 two da}s 
pieoperatnely, w^as 213 seconds The E T m Panels II, III, and IV 
lespectnely, four days, six days, and eight da}s postopei ative weie 164, 
231 and 327 seconds Thus, wdnle there was also a depression on the fouith 
postoperative day, on the sixth postoperative day the endurance had already 
surpassed the initial endurance This seemed to correspond wnth the sub- 
jective feeling of asthenia, or lack of it, m these twm groups 

The Length of Stay w Bed — ^As far as the authors are aw'are, the subject 
of w'hen an operative patient should be allowed to get out of bed has never 
been examined critically and objectively Ofthand, two factors seem to enter 
into this consideiation The healing of the operative wound and postoperative 
asthenia In the contrpl cases, there would be a number expected to have 
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such malnutiition that the wound would not heal or would heal slowly 
One case in our previous series and one in the present senes showed this 
condition, culminating in wound dehiscence (J B ) Thus, these two 
factors seem to play a role in the prolonged bed-stay of this group, sometimes 
one factor, sometimes the othei, in the dominant role 

In the iDatients in the feeding gioup, in whom nutrition vas supported 
by this type of iich feeding, the speed of wound healing w'ould be expected 
to follow^ at least, the norm demonstrated by the work of Howes, Sooy and 
Har\ ey,"^ and the maximal tensile sti ength of the healed w ound w ould be in the 
neighboihood of lo to 12 da3's On the other hand, the ergograph-time had 
topped the initial 1 eading in from the sixth to the eighth day Thus, it appears 
that 111 the feeding group it is the speed of wound healing, rather than the 
postopei ative asthenia, which letaids the patients’ stay in bed It wall be 
seen from column 14 of Table XVII that the average number of da3's in 
bed IS 19 25 days foi A Strict^ considered, this average figure is too lows 
since M K (Table VI), tlie one patient wuth a stay in bed of 13 days, was 
fed for a period of ten days preoperatively, 1 esulting in a gam of 3 3 Kg 
This improvement of his pieoperative nutiitional state makes it necessary, 
m interest of stiict compaiison, to exclude him from the series With 
this done, the aveiage peiiod of stay m bed wmuld be 201 days In the 
feeding gioup, on the contraiy, the corresponding aveiage of 9 5 days 
(column 14, Table XVII) m bed is highei than it should, theoretically, be 
To allow patients convalescing fiom an opeiation of the magnitude of 
gastiectomy out of bed m eight days is a ladical departure from surgical 
tiadition, and usuall3'’ involves a compiomise m which twm or three additional 
da3^s are added to the petiod of recumbenc3^ It may also be mentioned that 
the patients m B clamoied lo get up 1)3’’ about the seventh da3', w'hile those 
in A had to be encouraged to get up 

Comphcatwns — {Column 15 , Table XVII) — The small senes of ii 
patients m A and A', and of eight m B, are foo small to make any statisticall3'’ 
significant analysis of the complications as affected by postoperative feeding 
or nonfeedmg Theie w^eie three pulmonary complications m each group, 
but the iecover3^ seemed to be consideiably longer 111 A than 111 B There 
w ere three wmund infections in A and A , one wound separation, and one 
case of bedsoies, w^hile the cases m B Avere fiee from these complications 
The case of bedsoies is inteiestnig in view of a lecent work by some of 
the present authors^ on the 1 elationship betw'een bedsores and protein nutrition 
At the time the bedsores occurred, the plasma proteins of J B , (Table X) 
was 501 Gin pei cent Only tw'o of the patients in A and A ma3’' be said 
to have had an uneventful course in any w'ay, Avhile there were four uneA entful 
cases 111 B 

In A, another complication Avas encountered, % e , a dela3^ed type of dis- 
turbance of gastro-intestmal function occurring at about the sixth to ninth 
postoperative day in five of the eight cases It manifested itself in the form 
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of abdominal distention, with vomiting and inability to take moie than a 
small amount of liquid food at fiequent inteivals lAvo factors may be 
evoked to explain this phenomenon (i) Edema about the stoma, and (2) 
deficient peiistalsis, tone and absoiptive faculty of the small intestine con- 
sequent to undernutrition This did not occur m any of the cases m B 
Disadvantages — In the pievious lepoit, the piincipal disadvantage of this 
feeding regimen w’as said to be the taste of the feeding mixtuie This still 
remains the mam di aw back However, in the,rathei extended experience 
we have had wnth the use of the mixture, it seems that most patients leadily 
} leld to persuasion and wull continue taking it if the)’' realize that it produces 
beneficial results When the choice is left to the patient, whether to take 
feedings b} mouth or by tube, the oral method is usually preferred 

Discussion and Comments — Altogether, 24 patients convalescing from 
gastrectomy have been subjected to nitrogen balance studies in this and m 
the previous series Thiee additional patients had only their w^eights and 
their length of stay m bed recorded There w'as, thus, a total of 13 in the 
control group and 14 in the feeding group In none of the patients in the 
control group, except m the cases wuth actual 01 suspected gastric hemorrhage, 
did there seem to be a loss of urinary nitrogen above that accepted as normal 
average Cuthbeitson® has shown a nitiogen loss to occui following trauma 
Albright,*’ and Brow ne^*’ have ingeniously integrated this wuth Selye’s^^ “alarm 
reaction’’ and an hypei secretion of hormone “s” from the adrenal coitex 
preventing tissue anabolism These w'oikeis have called this period of 
nitrogen loss the antianabohc peiiod If this phenomenon had occui red m 
our series, it certainl) w^as not marked How^ever, as pointed out before, the 
previous state of undernutrition might liaAe modified or altogether eliminated 
the antianabohc period 

In the feeding group, the early ability of the patients to achieve nitrogen 
balance as well as the consistent upw'ard w^eight cuive may be intei preted to 
mean that if an antianabohc period w'as present, it w^as correctable by high 
ammo-acid feeding This, again, is not m apparent conformity wuth Cuth- 
bertson’s and Brow ne’s findings, but, again, the state of undernutrition of our 
patients may reconcile the divergence of these results 

It IS also apparent that although the urinary excretion of nitrogen may 
be small m these cases, the addition of the nitiogen lost in the gastric suction 
may raise the total nitrogen output considerably above the amount prescribed as 
optimum protein requirements for the average person, namely, 90 Gm of 
protein or 144 Gm of nitiogen daily 

The level of nitrogen feeding attained m the patients in B, as has been 
pointed out elsewhere m this report, is much higher than that of a high 
protein diet It is. roughly, two to three tunes the average amount of the 
total nitiogen loss There may be said to be at least two justifications for 
giMiig such large doses of nitrogen In the first place, it is not knowm just 
what specific ammo-acids are required to replace the nitrogen loss, and this 
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mcl eased alimentation may be consideied an attempt to ofter enough of an 
assortment of ammo-acids in sufficient quantities so that the body can select 
what It needs under optimum conditions and reject the rest Approximately 
50 per cent of the bulk of amigen is composed of the ten essential amino- 
acids, 40 pel cent being unessential ammo-acids and the balance, moisture 
and ash It is altogethei unlikely that the propoitions of the ten are ideal, 
and, it is highly piobable that the unessential moiety is excessive Therefoie, 
an ideally economical utilization cannot be expected fiom such a mixtuie 
The wondei is that it should be so well utilized that the total nitrogen 
excretion in B ivere not laigei than they are Howevei, it is quite possible 
that a drastic i eduction of the unessential moiety ivould make foi a gieatei 
economy of utilization 

The second justification foi the use of these huge amounts of nitrogen 
IS that all of these cases, except one, M K (Table VI), were in a state of 
undernutrition when they came to operation This increased alimentation is, 
therefore, necessary not only adequately to make up the nitrogen loss during 
and after the operation, but also to replace the body tissues lost as a lesult 
of the preexisting undernutrition The fact that some of these patients 
retained as much as 53 Gm of nitrogen in three days show's the need of the 
body to rebuild itself 

In this connection, Elman’s’- summaiy concluding a repoit on the 01 al 
use of amigen in surgical patients, may be w'oith w'hile quoting He stated 
"The ammo-acids of hydrolyzed casein (amigen) have been administeied 
directly into the gastro-intestinal tract m several types of surgical patients in 
order to spare the need for protein digestion Absorption and utilization 
occurs under circumstances W'hen whole protein is ineffective The use of 
amigen also seems to permit the assimilation of much largei daily amounts 
of protein nourishment than seems possible when w'hole protein is given ” 

The tendency of the plasma protein leA'el not to rise even after there is 
a considerable gain in body w'eight and a positive nitrogen balance for several 
days needs further study Similai results have been obtained with post- 
opeiative patients by othei woikeis (Aiiel, et al Casten, Bodenheimer and 
Barcham,^^ and Meyer^’*), although in the case of the observations of these 
workeis, no high amino-acid feedings had been given and the weight cuive 
was not followed 

These expeiiments lecall to mind a piactice leported by Soviet suigeons 
of introducing milk, egg and sugar mixture into the intestines during 
celiotomy with marked, prompt benefit to the patients and a reduced mortality 
rate There W'ere, thus, two 'separate beneficial effects reported as resulting 
from the use of such feedings— one immediate and the other delayed The 
feeding consisted of 400 cc milk. 20 cc sw'eet butter, 50 grams sugar, 2 eggs, 
and 50-70 cc distilled alcohol. Analysis shows that it would not yield more 
than 1500 calories, even if the alcohol w'as 95 per cent There was a nitrogen 
content of about 8 Gm The immediate beneficial effect is pi obably atti ibutable 
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to the alcohol, bince it is difficult to undei stand how the caloiic and nitiogen 
intake could accomplish this And since the caloric and nitiogen intakes aie 
sublpasal for even one day, it is also difficult to explain the delayed beneficial 
effects, unless tvo oi thiee such teedings aie given daily thioughout con- 
valescence 

SUxMiMAltl AND CONCLtJ&lONb 

In afuithei and largei senes of patients undei going gastiectomy foi eithei 
peptic iilcei 01 carcinoma of the stomach, it was found that 

(1) 111 the senes undei the classical waid legimen theie was a consistent 
nitiogen deficit and loss of weight, and a pi obliged stay m bed, coiifirming 
the preliminary lesiilts of oiii pievious senes Objective eigogiaphy also 
showed postopei ative asthenia, which had not disappeaied even on the 
twelfth postopei ative day 

(2) In the senes fed wnth high calonc and high ammo-acid mixtiiies, 
theie was a consistent nitrogen suipliis, a steady gam 111 w^eight and a stay 
111 bed of less than one-half the contiol senes The eigogiaph show'ed an 
eaily return of enduiance 111 f 10111 the fifth to the sixth postopei ative day to 
above that of the initial reading 

(3) The pnncipal source of nitiogen loss 111 postgasti ectomy convalescence 
Avas the starvation postopei atn’-e legimen 

(4) Whethei there w'as actually a laigei excietion of unnaiy nitiogen 
111 the patients 111 the contiol group ovei then pi eopei ative level has not been 
detei mined 

(5) The nitiogen loss lesultmg f 10111 the gastnc suction was considerable 

(6) The nitrogen loss, how’evei, w^as coriectable by feeding an easily 
assimilable high amino-acid mixture 

(7) Coiitraiy to the impiession gatheied m the pievious senes, that theie 
was a tendency of the plasma piotein level to fall 111 the contiol cases 
and to rise during the feeding cases, in the piesent senes theie w^as no con- 
sistent tendency during the seven to tw'elve days during which the patients 
weie under study 

(8) An hyperalimentation regimen, consisting of high calonc and high 
ammo-acid feeding postopei atively, has been woiked out. found piactical, 
and IS lecommended m the loutme case of gastiectomy m oidei to ciicum- 
vent nitiogen loss, shoiten convalescence, and pi event postopei ative asthenia 

(9) While the complications in the feeding group aie fewei and less 
severe than those in the control gioup, the present series is too small to lead 
to any statistically significant conclusions 
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BRIEF COMMUNICATION 

THE CONSTRUCTION AND USE OF A BEDSIDE ERGOGRAPH->= 

Co Tui, M D , I Barcham, M D , J H Mulholland, M D ,t 
jMeyer J Kutisker, M D , and Arthur AIullin Wright^ M D 

W ITH THE NERSING ASSIST ^NCE OP M\RGER\ \\ EINTRAGB 

Neh York, N Y 

FROM THE I \BORATOR\ OF EXPERIMENTAL SORCERY AND THE DEPARTMENT OF SLRGERA NEW AORK 
UMAERSITA COLLEGE of medicine and the NEW' AORK UNIA’ERSITA surgical DIA'ISION or BELLEVUE hospital 

In the course of some studies on convalescence, it became desiiable, 
objectively, to determine the strength and endurance curve of patients recov- 
ering from surgical operations Since ergographs then available were all de- 
vised for the ambulatory patient, it became necessary to construct the piesent 
bedside model 

Const} iichon — The bedside eigogiaph as shown m Figiiie i, consists of 
three essential paits 

1 The fiameivoik consists of aiboaid A, lo" x 56", supported at the 
proximal end by the bed and the distal end by a support SP reaching to the 
floor The Thomas splint S is fixed to this armboard In this way, a stable 
cradle is made within which the entire upper extremity below the shouldei 
rests while the test is being conducted The splint also selves to immobilize 
the shouldei 

2 The zveight-lifting system, consisting of 3- and 5-Kg v eights sus- 
pended on a cable, which rides over pulleys and P„, at the digital end of 
the apparatus, then running horizontally over the armboard to join the handle 
H, which IS grasped in the hand of the subject 

3 The lecoidmg system consists of a stylus ST attached by a string STi 
through bar B to the weight attachment As the weight is lifted or loweied, 
the stylus is lo^^eled or lifted This is recorded on a moving di 11111 D 
The rate of pulling is paced by a metronome set at 2- 01 3-second inteivals, 
but constant foi each subject 

Technic foi Peifoimmg Tests — The appaiatus is fitted to the lecumbent 
subject in such a i\ay that the arm of the patient is slipped into the splint and 
the shoulder rests on the proximal part of the armboaid The long axis 
of the apparatus makes an angle of about 30° Avith the long axis of the bed 
The arm and forearm are placed in the anatomic position, i c , m full radial 

* This Avork Avas done under a contract recommended by the Committee on Medical 
Research betAveen the Office of Scientific Research and Development and NeAV York 
UiiiA ersit}' Read in abstract form before the Committee on Convalescence and Rehabili- 
tation of the Committee on Medical Research, No\ ember 15, 1943 

7 Professor of Clinical Surgery, NeAV York Unnersit} College of Medicine Now 
Lt Col , kf C , U S A 
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Schema-tic Dracumq of Bedside Erqoqraph 


Top Vieu) 



5 splint 

A armboard 
Sp support 
H handle 
P 1 to 4 pulleys 
W/ (jjeiqht 

6 bar 
Strstrmq 
D drum 
St stylus 



Side Viecu 


A hne dnuing of tnc Ti>p'iratuR 





Pic 2 — P^tle^t with ergograph fitted 
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Graph i — Three ergogiams of i normal subject taken three and four days apart, showing no 
signihcant change in the endurance in the three tests The ergogiaph times aie, respectnelj , 93, ao 
and 93 seconds 
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Graph 2 — Four ergograins of 1 patient admitted with malnutrition following a poorlj functioning 
gastrectomj The initial £ T , Panel I, is 93 seconds, the ET’s of Panels II, III, and IV, taken 
a week apart, after the institution of high caloric and high ammo acid feeding and an impro\ eraent 111 
nutrition, were, respectively, 171, 252, and 276 seconds It is to be noted that the amplitude of the 
excursions is not important since it varies with the length of the lever arm (bar) to which string is 
attached ' 
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deviation , the arm is now kept in a fixed position by a linen hammock sus- 
pended between the bars of the splint The handle H is then grasped and the 
test IS leady to start Fig 2 is the photograph of a patient with the ergo- 
giaph fitted Ihe subject is instiucted to pull on the v eights up to 90° 
flexion each time the metionome ticks The patient stops when he feels 
a painful fatigue in his biceps muscle This end-point cannot, therefore, 
be called entnely objective The endurance may be expressed either as the 
number of excursions lecoided on the drum, or the length of time from the 
beginning of the fiist excursion to the end of the last This latter, expressed 
m seconds is called the eigogiaph time (E T ) Giaphs i and 2 are 
respectively the eigogiams of a noimal person and a patient convalescing 
from malnutrition 


SmiAIAHY 

A bedside ergogiaph has been described to determine the enduiance curve 
of patients postoperatively While a gross study, it, nevertheless, seems to 
give significant and consistent lesults 
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CONTINUOUS SPINAL ANESTHESIA 

OBSERVATIONS ON 2000 CASES 

Willi AA i T Lemmon, M D , and Henry G Hager, Jr , M D; 

PlIILVDEIMIIA, Pa 

I ROM THF SURGICAL DIMSION A. JEFFERSON MEDICAI COLI FGF AND HOSPITAL I HII ADELPHIA PA 

Evrly in 1939, we conceived the idea of continuous spinal anesthesia 
A method vas formulated, and used on expeiimental animals It woiked 
A great many anesthesias weie given dogs, rabbits and monkeys by the 
method of leaving a needle m the subarachnoid space and giving repeated small 
doses ot procaine hydrochloride We found that profound anesthesia could 
be produced and maintained for an unlimited time by this method, without 
causing any detectable damage to the animal or its functions Monkeys 
uere kept anesthetized for periods as long as 12 and one-half hours, without 
any toxic sjmptoms It was also obseived that large single doses would cause 
toxic symptoms, and death, but that the same total dosage given ovei a 
^lelatively long peiiod of time caused no toxic symptoms On April 10, 1939 
ue administered the first continuous spinal anesthesia to a human being 
Since then, ue have given well over 2,000 anesthesias by this method, and 
in this communication we are reporting some of our obseivations and im- 
pressions on these cases 

The method consists merely of making and maintaining a spinal punctuie 
with an initial injection of an anesthetic agent into the subarachnoid space 
and the subsequent additional injections of the agent as it is needed, much 
the same as ether is administered, m dosage sufficient to obtain the desired 
result 

In this senes of cases ve have used procaine hydrochloride as the 
anesthetic agent, vith one exception, when ve used met) came, because the 
patient was sensitive to piocame Procaine A\as chosen deliberately, becau'^e 
ve believe that it is the least toxic of all the drugs used for this purpose 
and It has the most fleeting action of all the drugs of this nature By its 
use, we have been able to have all the advantages of spinal anesthesia, but 
liave been able to use it with a great degiee of control and safet) 

The disadvantages of the single-dose method of spinal anesthesia aie 
( I ) failure of the single dose to produce the le''’^el and degree of anesthesia 
desired, (2) failure of the anesthesia to last for the length of time required 
to perform the pioceduie, and (3) the impossibility of removing any of the 
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agent onte it hat, been injected, should toxic symptoms appear Continuous 
spinal anesthesia overcomes the first two disadvantages with ease, and it was 
accidentally discovered that after the injection had been made, spinal fluid 
containing the drug could be aspiiated and the nerves would piomptly recover 
fiOm the efifect of the drug T.his has been repeated a number of times, 
and has been definitely estabhshed 

We believe the toxic effects of a spinal anesthetic agent are due to the 
absorption of the diug into the venous cn dilation This can be minimized 
by the injection of relatively small doses of the diug Anesthesia is maintained 
by the concentration of the drug in the spinal fluid nhich bathes the spinal 
cord and nerve roots This concentiation may be maintained by relatively 
small additional doses, given at certain time intervals In this way, very 
large doses may be administered \\ith little toxic reaction 

TECHNIC OF VDMINISTRVTION 

Ihe technic of administering continuous spinal anesthesia is very simple 
A few pieces of specialized equipment aie necessai}, which aie, (i) a special 
mattress, five inches thick, wnth an opening to permit the needle to project 
from the back of the patient, (2) a special malleable needle, and (3) a 30-mch 
piece of small bore, thick-w'alled rubber tubing, with special Luer-Lok con- 
nections and stopcock The othei dems of equipment used are entirely 
standard and are usually available m any hospital Plate I illustrates the 
fully prepared tray as w'e use it foi continuous spinal anesthesia 

For the puncture, the patient is placed in the lateral decubitus, wnth the 
back toward the side of the mattiess with the opening A sterile towel is* 
jdaced ovei the upper flank and hip, and the back is prepaied with a skin 
antiseptic The site of the punctuie is selected, chiefly by the individual char- 
acteristics of the immediate patient but usually the third or fourth lumbar 
interspace is chosen The space that appeals to be the easiest through w'hich 
to make the puncture is the deciding factoi The skin is anesthetized by the 
introduction of 1 cc of i pei cent piocaine hydi ochloride with 50 mg of 
ephedrine sulphate The latter drug is used to comliat the physiologic lower- 
ing of blood pressuie w'hich neaily ahvays accompanies the production of 
spinal anesthesia The skin is then punctured with a Sise needle introducer 
It IS important that only the skin be punctured and not the interspinous 
ligament, for it is the firm grip of the ligament on the needle that maintains 
the needle in position during the anesthesia The puncture is now' made, and 
the success or failure of this step determines the success or failure of the 
method The needle is a special one, made of a \eiy malleable metal, and 
therefore, bends with ease The needle is grasped betw-een the thumb and 
forefinger, about one-half inch fi om the point and is started on its way The 
position of the needle should be such that it is peipendicular to the back The 
only deviation from this simple rule is that the needle may be inclined slightly 
upwards The punctuie should be made in the exact midline of the body. 
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and midwa) bet^^een the t^^o luinbai bpiiies Once the needle has entered 
the interspmous ligament, it is impossible to change its course, thus, the im- 
portance of starting right The needle is then advanced, always keeping 
a ver}’’ short grasp from the skin in order to keep the needle from bending 
When the dura is penetrated, the chai actei istic snap is felt and the puncture is 
either made oi may be completed by advancing the needle a very short 
distance furthei Rotating the needle will olten assist m obtaining a free 
flow of spinal fluid If a successful punctuie is not made, the needle should 
be withdiawui and a new punctuie made Since we do not use st}lets it is 
important that the patenc} of the needle be proven befoie eveiy attempt by 
flushing it with steiile watei oi by forcing air through the needle by use of 
a syringe 

After the punctuie has been made, a lo cc Luer-Lok syiinge is attached 
to the needle and lo cc of spinal fluid is aspiiated This must he accomplished 
V itliout too much pulling on the plungei of the syringe Often the fluid wall 
flow into the syiinge, but cannot he aspiiated Gentle ti action on the plungei 
of the syringe is the rule The s}imge is removed, and the needle plug is 
placed in the needle to pi event the excessive loss of spinal fluid The 
lo cc of spinal fluid is now used to dissolve 500 mg of procaine hydrochloride, 
wdiich IS done m the ampoule h} the use of an ordinal y intravenous needle 
and the syringe Aftei the crystals have dissolved, the solution is diawn 
up into the syringe and the luhhei tubing is attached to the syringe, 2 cc 
are forced into the tubing, which displaces the an, and fills the tubing wuth 
the procaine solution m spinal fluid Now, the tubing is attached to the 
spinal needle and the initial injection is made This dose vanes, as will he 
discussed later, but usually is 3 cc or 150 mg of piocame Aftei the injection 
IS made, the fluid is aspirated to deteimme if a satisfactory retuiii flow is 
piesent The stopcock is then closed and the patient is turned on his hack, or 
placed in position foi operation This must be done wuth care, to prevent the 
needle from being displaced The needle should not touch the mattress at 
arty point, noi should it touch the top of the operating table 

The most important factoi m the success of continuous spinal anesthesia 
IS the making and maintaining of a good punctuie, which is evidenced by the 
ability to aspirate spinal fluid at any time If a fiee letuin flow^ is not 
obtained, the needle may be adjusted through the opening in the mattress 
and no operation should be started until the punctuie is satisfactor} 

Usually, the effect of the drug is obtained in about 90 seconds aftei the 
injection If after the lapse of two 01 thiee minutes, the anesthesia is not 
satisfactory, the stopcock is opened and anothei dose is given, which is usually 
I cc , 01 50 mg , of procaine Once satisfactory anesthesia has been produced. 
It may be maintained by the subsequent injections of 50 mg every 30 minutes 
This IS not a hard and fast rule, but it will suffice for most cases The dose 
is enough, and if moie is needed it must be given We have encountered 
cases which lequired additional doses every 15 minutes and needed large 
doses but man} cases do not need it so often nor so much 
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PUELIMINARY MEDICATION 

We feel that one ot the most important steps m tlie pioduction of a satis- 
factory spinal anesthesia is the admmisti ation of the proper piehmmar) 
medication Many patients are apprehensive, and fear being awake for the 
operation Also the operation of spinal piinctuie is not without pain m 
the unsedated patient Our routine is to give the patient 3 gr of nembutal 
the night before operation followed by another similai dose thiee hours 
before operation One hour before operation, a h}podermic injection of 
morphine sulphate gr ^4 and scopolamine hidrobromide gr Yioq is given 
Tins dosage is for the aveiage good-iisk adult who is not seriously ill The 
dosage is altered to suit the mdiMdual case, in the aged and len ill, the 
dosage is cut sharply It a jiatient ajipear^ in the operating room with 
eiidence of insufficient sedation, additional doses of morphine are given 
until the desiied effect is obtained We often gi\e this intravenously If 
during the opei ation, we feci that the patient needs more sedation, it is 
repeated, usuall} in 34 doses It is a w ell know 11 fact that certain unpleasant 
sensations aie not abolished b) spinal anesthesia which are satisfactorily 
cared foi by the use of sedatives The complaint ot the patient of pain in 
the chest fiom traction on the cecum during appendicectoni}' is an illustration 
ot pain which is earned b\ way of the sympathetics which often invohe 
thoiacic segments and could be controlled onl} by ver} high spinal anesthesia, 
but is easily abolished b\ the judicious use of sedatnes 

W^'e have found that children tolerate morphine \ei} well W’e have 
given relatively laige doses to childien, in divided doses, of course, with no 
ill effects We have not encounteied lespiratoi} depression from its use 
In fact, in this senes of cases, we had no complications of a respirator} nature 
111 an}’^ of oui patients undei the age of 15 jears ol which we had 66 

TUn\TMENT DUKING THE OPEUATION 

Othei than the piehminaiy dose of epliedrine given with the procaine for 
skin anesthesia, we seldom use any vaso-pressor drugs during the course of 
the anesthesia and opei ation It is oui fiiin belief that if a patient is able to 
stand the surgeiy, the use of continuous spinal anesthesia will not contribute 
any deleterious effects Of course. A\e have patients whose blood pressure 
falls quite low^ during the course ot a difficult and shocking operation but it 
is treated with the thought of treating the operative shock rather than as 
ti eating low blood pressuie due to spinal anesthesia For this reason, we 
gave our patients intravenous glucose solution, blood 01 plasma to combat 
this condition and rarely use the vaso-pressor drugs We anticipate such 
complications, and never is an operation undertaken on a serious risk, nor 
IS a shocking operation begun until there is flowing into the patient’s veins 
ample fluids, w itli wdiole blood plasma. 01 both immediately available In 
this manner we have been able to keep our patients in good condition during 
the operation We believe in, and piactice, the administration of ox}gen 
tnroughout the anesthesia and operation 
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S.NAIA&IS 01> CASES 

We are presenting 2000 cases in which we have employed continuous 
spinal anesthesia Oui recoids show that in thiee cases \ve did not get sat- 
isfactorj anesthesia One case de\ eloped uncontrollable cough duiing the 
course of a pulmonar} lobectonn The patient w^as given cyclopropane dm mg 
the stage of tugging on the bronchus which caused the coughing Sensory 
anesthesia at this time was at the level of the hyoid bone In the tw'o other 
cases, faulty technic and a bus\ schedule aie to blame They were both 
simple pelvic operations and neithei patient was anesthetized to the degree 
that operation could be undei taken The} were both gnen ether anesthesia 
Let us explain that many of the anesthesias m this senes w^ere given by 
internes and relatneh inexperienced anesthetists A'lan} of the cases in 
this series have been saved fiom being failuies by the authois making new 
punctures aftei what had been thought to be a satisfactoiy punctuie had 
failed to produce satisfactor} anesthesia In several cases, the patient has 
been repunctured after the abdomen had been opened and perfectly satis- 
factoiy anesthesia obtained 

Age — The average age for this group w'as 359 yeais The youngest 
iv'as two days old, who was operated upon for congenital occlusion of the 
jejunum A cholec} stectoniy and choledochostomy for stones on a man. 
age 87, represents the eldest of the series With our increased experience 
with this type of anesthesia in children we have found that it is very satis- 
factory In the last 1000 cases, w'e have had 33 wdio were ten years or 
less, and 33 between ten years and fifteen There were eight cases of five 
years or less This has been made possible by the liberal use of morphine 
111 multiple small doses, which we have found is very w^ell tolerated by 
children We have not encountered the profound respiratoiy depression m 
its use, and we do not feai to use the diug in very young children 

Length of Opeiatwns — The average length of the operations m this 
sciies was 50 1 minutes The longest procedure was a subtotal pancreatectomy 
which required fiie hours and 25 minutes The shortest procedure w'as 
about two minutes for the incision and drainage of an abscess 

Dosage — The dosage ot procaine foi continuous spinal anesthesia is a 
\ariable factor For the operations m this series, the total dosage per case 
averaged 2109 The average number of injections w'as 2 37 The smallest 
dose W'as 20 mg for the amputation of a toe The largest dose given to 
^ne patient was 2200 mg This was for a hysterectomy which required 35 
minutes operating time 

In general for the average case we give an initial dose of 150 mg , w'hich 
will usually give satisfactory anesthesia for any type of abdominal surgery 
This is usually followed b} an additional injection of 50 mg ever} half hour 
for the remainder of the opeiation How'ever, we encounter many cases 
which do not require as much, and also mam cases which require much 
larger doses Children tolerate the drug \er} well and will require rela- 
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tively much largei doses than adults A\e have on many occasions had to 
give as much as 250 mg to a child of seven years in order to obtain satis- 
factory anesthesia to perfoini an appendicectomy, which of course, required 
no additional doses aftei anesthesia was produced We have performed 
a suprapubic prostatectomy on a man of 85 yeais, which required 60 
minutes wnth a total dose of 50 mg The aged and very ill require verj 
small doses Ihe dosage foi any one case may be simply stated as being 
enough to complete the opeiative piocedure The condition of the patient is 
checked frequently, and sufficient dosage is given to produce the desired result 
The longest procedure m oui series was a subtotal pancreatectomy which 
requited five hours and 25 minutes This patient received 1450 mg of 
procaine given m iS injections 

Oui routine piocedure calls ioi the use ot a 5 per cent solution of 
procaine m spinal fluid Additional doses maj be prepared m sterile dis- 
tilled w^atei or normal saline solution We have used various dilutions 
from I to 10 pel cent, but have found that the 5 per cent solution is the most 
satisfactoiy 


EI'FLCT ON BLOOD raKSSUHi: 

The blood pitssuie pulse and lespiration are checked and recorded 
every five minutes dining the anesthesia Follownng the injection of ephed- 
nne along wnth the piocaine which is used to anesthetize the skm for 
the punctuie and to suppoit the blood pressure, w'e regularl}^ noted an 
increase in the piessure, wdiich was soon followed by a lowering of the 
pressuie to the original level 01 slightly below^ Unless the operation w^as 
of a shocking nature we did not encountei any great fall in the systolic 
pressure The average systolic pressure at the beginning of operation for 
this senes was 127 inilliineters of meicury The average systolic pressure 
at the conclusion of the operation was 1143 millimeters of mercury The 
average fall of systolic pressuie was onl)'^ 127 millimeters of mercurj 
We have had a numbei of cases m wdnch the blood pressure reached, and 
maintained, a higher level than that before the anesthesia w'as begun This 
how'ever is an exception to the lule During the course of operations 
we have had pressures as low as 40 Such cases weie treated by in- 

fusions of glucose solution blood or plasma Seldom do we use the vaso- 
pressoi di ugs To cite an example, during the course of a radical inastectoiii) 
tiie blood pressure dropjied to 40 Miii of niercur}^ The patient s exposed 
chest w^all was covered with hot sponges, no further dissection was done 
an Intravenous of plasma W'as started, and in about ten minutes the blood 
pressure was at 100 Mm of mercury The operation was then resumed 
and completed wuth the patient m good condition We feel that instances 
buch as this prove that it is the surgery and not the anesthesia which causes 

the excessive falls in blood pressure 

Headache — The incidence ot headache following the use ot continuous 
spinal anesthesia is about the same as following the me ot the single-dose 
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spinal It IS a ver} difficult thing to understand oi explain It appears to 
be 11101 e frequent following simple procedures than the more serious ones 
Our incidence of headache for the entire series is 3 i per cent This prob- 
lem IS a relatively minoi one, which usually responds to simple treatment, 
such as the administration of aspirin, and we feel that it is a very low 
puce to pay for the advantages of spinal anesthesia, both to the patient 
and the surgeon 

Uiinaiy Retention — We have made it a rule to use an indwelling 
catheter m patients who are submitted to operations which may last a 
relatively long time and ^\ho are receiving intravenous during the oper- 
ation The bladder often distends during the operation, and if not taken 
care of tends to encourage retention We also use an indwelling catheter 
m all vaginal plastic cases Our incidence of retention, excluding the above 
mentioned cases, is 3 3 per cent for the series 

Pulmonaiy Complications — In this series, there were 45 cases which 
developed pulmonary complications, 27 of these were bronchopneumonia, 
II were lobai pneumonia five were atelectasis, and two were pulmonary 
embolism 

Neive System Complications — One case developed anesthesia of the 
upper lip immediately following a cystoscopic examination This per- 
sisted for two days, then disappeared completely There was nothing 
unusual about the anesthesia, the level was not high, and we cannot explain 
this occurrence on any other basis except hysteria There vere no other 
incidences of any type of neurologic complications 

Moitahty — There vere 82 deaths m this senes of 2000 cases making 
a gross mortality of 4 i per cent The a\ erage time that elapsed between 
operation and death was 5 9 days None of these w^ere anesthetic deaths, 
and w^e do not feel that the anesthesia w'as a contributing factor m any 
of them Thirty-six of those that died were suffering with malignant 
growths There were 18 deaths from diffuse peritonitis The other deaths 
■were due to man}'^ conditions including pulmonary, cardiac, renal and 
hepatic conditions One death w^as due to hemorrhage from a far-advanced 
carcinoma of the cervix the anesthesia being given for the operation of 
packing of the vagina and rectum We have not had a single death due 
directly to the use of continuous spinal anesthesia 

Table I is an outline of the operations performed on the cases m this 
series 

SUMMARY 

1 We have discussed the experimental work wdnch paved the w^ay to 
the use of continuous spinal anesthesia 

2 We ha\e given a detailed account of the technic of continuous spinal 
anesthesia 

3 Tw'O thousand operations are reported which have been done under 
continuous spinal anesthesia, and some of the important observations made 
on this senes aie presented 
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TVBLt. I 

OUTLIVE 01 2000 C^SCS DONE UNDER CONTINUOUS SPIN \L \NLSTHLSI\ 
Gastro intestinal Operations 
Stomach 
Appendix 

Intestinal and colon 
Biliary tract operations 
Hernia operations 

Nerve system operations * 

Gi necologic Operations 
Perineal 

Abdominoperineal 
Abdominal 
Obstetric operations 
Urologic operations 
Proctologic operations 
Cardiov ascuHr operations 
Thoracic operations 
Orthopedic operations 
Miscellaneous operations 


68 

497 

97 

187 

223 

34 

93 

206 

123 

140 

89 

87 

21 

48 

69 

18 


CL tSSinCATlON 


G astro-intestinal Operations 
Stomach Operations 
Total gastrectomj 

Total gastrectomy with splcnectomj 

Subtotal gastrectomy 

Subtotal gastrectomj and appendicectoinj 

Subtotal gastrectomj and resection of third part duodenum and trans colon 
\nterior gastro entcrostomj 
Posterior gastro enterostomy 

Closure duodenal ulcer cholecystectomy and appendicectomj 
Closure spontaneous rupture of stomach 
Resection of bleeding gastric ulcer 
Cholecystogastrostomj 
Cholecystojejunostomj 
Biopsy carcinoma of stomach 
Biopsy head of pancreas 
Subtotal gastrectomy and choleci stcctoinj 
Closure perforated ulcer 
Closure perforated gastric carcinoma 
Gastrostomy 
Subtotal pancreatectomj 
Resection tail of pancreas and splenectomj 
Appendix Operations 
Appendicectomy 
Appendiceal abscess drainage 
Appendicectomy and excision of ovarian cjst 
Appendiectomy and salpingo oophorectomy 
Appendicectomy and uterine suspension 
Appendicectomy and Ijsis adhesions 
'\ppendicectomj and reduction of torsion of omentum 
Appendicectomy and excision of v aricocele 
“Appendicectomy and myomectomy 
Appendicectomy and cecostomy 

Appendicectomy ahd fecal fistulectomy and incisional herniorrhaphy 
Intestinal and Colon Operations 

Abdominal and perineal resection ot rectum 
Closure of colostomy 
Mikulicz resection splenic flexure 
Mikulicz resection of sigmoid 
Resection ileum — intestinal obstruction 

Lysis of adhesions and reperitonealization for intestinal obstruction 

Incision and drainage subhepatic abscess 

Abdominal section — biopsy of liv er 

Resection sigmoid primary anastomosis 

First stage Lahey 


68 


4 

1 

9 

J9 

1 

7 

2 

2 

1 
1 

2 
1 
1 
1 

5 
7 
I 
1 
1 
1 

497 

39S 

15 

33 

11 

18 

20 

1 

1 

1 

1 

1 

97 

12 

6 
3 
8 
S 

27 

1 

10 

1 

3 
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Second singe Lahej 

Colostomj 

Cecostom> 

Closure of cecostomy 

Resection ileum for intussusception 

Ileotranst erse colostomj 

IleosigmoidostoniN 

Closure of fecal fistula 

Excision of duodenal duerticulum and appcndicectom\ 

Excision of Meckel s di\ erticuliim 
Exteriorization of sigmoid for di\ erticiilitis 
Biliart Tract Operations 
Cliolect stectomr 

Cho!ec\stectom\ and hsis of adhesions 
Cholecjstectonn and appendicectonn 
Cholecvstectom\ and T-tubc drainage of common bile duct 
Cholecjstectonn and histerectorni 
Cholecj stectomj and oophorcctomt 

Cholecjstectonn and choledochojejunostonn ind jejunojejnnosiomj 

Cholecj stostomx 

Choledochostomj 

CholecN stogastrostomj and biopst of head of pancreas 
Choleci stojejunostomj 

Cholect stectomj and anterior gastro-entcrostomj 
Excision of stricture of common bile duct 
Excision of tumor of common bile duct 
Repair of dn idcd common bile duct 
Hernia Operations 

Unilateral inguinal herniorrhapln 

Right inguinal herniofrliapln and appendicectomx 

Strangulated inguinal hernia 

Bilateral inguinal hernia 

Femoral herniorrhaphj 

Ventral herniorrhaphj' 

Incisional herniorrhaphj 

Inguinal hermorrhaphx and excision of hj drocele 
Embihcal herniorrhaphj 

Ombihcal herniorrhaphj and appendicectomj' j 

Incisional herniorrhaphj' cholecj'stectomj and appendicectomj 
Incisional herniorrhaphj' and lust erect omx 
Incisional herniorrhaplij and mjomectomj 
femoral herniorrhaphj and closure of ileostomj 

Inguinal herniorrhaphy and D and C cauterization of cerj ix and appendicectomj 
Inguinal herniorrhaphj and orchidectomj 
Hermotomj and appendicectomj 
Herniotomj and exteriorization of gangrenous ileum 
Richter s hernia 
IJerJe Sxstem Operations 
Presacral neurectomy 

Presacral neurectomj' and appendicectomj i 

Presacral neurectomy uterine suspension and appendicectomj 
Presacral neurectomy and D and C 
Presacral neurectomy and hj sterectomy 
Bilateral lumbar ganghonectomy 
Eery ical ganghonectomy 
Thoracic ganghonectomy 
Unilateral thoracic and lumbar ganghonectomy 
Exploration and freeing of adhesions of common peroneal nerje 
Gj necologic Operations 
Perineal 

Dilatation and curettage 
Dilatation and curettage radium 
Induction of therapeutic abortion 
Dilatation and curettage and biopsy 
Dilatation and ejacuation 
Vaginal hysterectomy' and perineorrhaphy 

Fothergill anterior and posterior colporrhaphj and perineorrhaphy 
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Plastic repair 22 

Excision of anterior vaginal wall j 

Vesicovag nal fistula j 

Vaginal packing for hemorrhage (carcinoma of cervix) j 

Abdominal and Perineal on, 

, iiUO 

Plastic and section 
Plastic and appendicectomy 

Plastic and hysterectomy 2 

Dilatation and curettage cauterization of cervix hysterectomy salpingo oophorectomv and 

appendicectomy 2^5 

Plastic and section hj sterectomj and cholecystectomv 3 

Amputation of cervix and cholecystectomy 1 

Abdominal J23 

Supra\ agmal hysterectomy 22 

Unilateral salpingo oophorectomy j4 

I Bilateral salpingo oophorectomy and appendicectomy S 

^Unilateral salpingo oophorectomy and appendicectomy 4 

(Hysterectomy bilateral salpingo oophorectomy and appendicectomy 49 

(Excision ovarian cyst and appendicectomj 10 

Hysterectomy and appendicectomy 6 

Uterine suspension and appendicectomy 4 

Anastomosis of uterine tube 1 

Biopsy carcinoma of uterus 1 

Bilateral oophorectomy and resection of ileum 1 

Drainage of pelvic abscess 1 

Supravaginal hysterectomy and presacral neurectomy 2 

Resection of ovarian cysts and lysis of adhesions 2 

Myomectomy and appendicectomy 1 

Obstetric Operations 140 

Cesarian section ' 73 

Cesarian section and ligation of tubes 55 

Cesarian section and appendicectomy 3 

Cesarian section and incisional hernia 2 

Cesarian section and lysis of adhesions 5 

Cesarian section and repair of ruptured uterus 1 

Vaginal cesarian section 1 

Urologic Operations 89 

Suprapubic prostatectomy , 1 7 

Pennephntic abscess 1 

Ureterohthectomy 5 

Nephrectomy f 

Excision of \ ancocele 6 

Nephrolithectomy 1 

Hydrocele and circumcision 1 

Hydrocele 3 

Orchidectomy' 3 

Lysis of adhesions obstructing ureter 1 

Aberrant renal v essels causing obstruction 1 

Bilateral vasotomy 1 

Cystotomy ^ 

Excision cyst urachus appendicectomy 1 

Excision epididymis , 

Nephropexy 2 

Meatomy and plastic of glans penis 1 

Excision of div erticulum bladder 1 

Excision of carcinoma of bladder 1 

Cystectomy * 

Vesico abdominal fistulectomy 1 

22 

Cystoscopy 

Dilatation of ureteral stricture ^ 

First stage Torek 

Second stage Torek ^ 

Proctologic Operations 
Hemorrhoidectomy 
Excision of fistula in ano 

Incision and drainage ischiorectal abscess ^ 

Biopsy and fulguration anorectal tuberciiloois 1 
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Table I (Continued) 

Fulguration anoreclM tuberculosis 2 

Sigmoidoscopic evninmation 2 

Sigmoido'copic and hiop^i j 

Repair oi complete laceration rectal sphmcier j 

Orthopedic Operation'- 00 

Senucslrectonit osieoins cUii-' , 

Excision head of metatar'-al ] 

Bilateral amputation hammer toe 2 

Excision internal semilunar cartilage 5 

Reduction fracture of 5th metatarsal 1 

Excision pilonid il sinus 32 

Excision benign tumor oi leg 7 

Excision COCCI X 6 

Mid thigh amputation 6 

Open reduction tracture great toe 1 

Excision bunions 1 

Excision exoalos s 1 

Excision of lipoma thigh 1 

Excision popliteal bursa 1 

Removal ot transverse proce-s 5th lumbar vertebra 1 

Cardiov asciilar Operations 2 1 

Ligation of patent ductus arteriosis 1 

External ileofemoral arteriovenous aneurvsm 1 

Right femoral embolcctomi 1 

Bilateral saphenous hgation 1 1 

Lnilateral saphenous ligations 7 

Thoracic Operations d8 

Rev ision of vv ound 1 

A-ntenor thoracoplasty 1st stage 6 

Posterior thoracoplasty, 1st stage 5 

Posterior thoracoplasty’ 2nd stage d 

Posterior thoracoplasty 3rd stage 3 

Posterior thoracoplasty 4th stage 1 

Pulmonary lobectomy 2 

Pneumonectomy 2 

Radical mas ectomj ^ 

Simple mas ectomv ^ 

Exc Sion of breast tumor 

Breast plastic 2 

Miscellaneous Operations _ 

Incision and drainage abdominal abscess ^ 

Repair ot ev sceration ^ 

Incis'on and drainage of abscess ^ 

Lipectomy and ventral herniorrhaphy ^ 

Evcision of carbuncle ' 

Excision of sarcoma of popliteal space ' 

Ressction of inguinal ly mph nodes ^ 

Resection of strangulated omentum * 

Removal of bullets from leg ^ 

Incis'on and drainage stab wound thigh ^ 

Exc sion of ulcer of abdom nal wall * 

4 The vise of continvious spmal anesthesia in. children has been indi- 
cated 

5 We wish to emphasize the adequacy, safety and conti ollability of 
this method 

d The fact that the dosage is R most variable factor is emphasized, and 
we reiterate that the dose is enough to produce the desired level and degree 
of anesthesia 
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CONTINUOUS SPINAL ANESTHESIA 
FOR LABOR AND DELIVERY' 


A PRELIMINARY REPORT 

Mahlon C Hinebaugh, Jr, MD, and Warren R Lang, MD 

Phiiadllphia, Pa 

FROM THE DEP\RTMCNT OF OBSTETRICS JEFFERSON MFDICAL COLLEGE AND HOSPITAL 

In 1942 Hingson and Edw \rds^ through a familiarity with the continuous 
spinal anesthesia method introduced by Lemmon,- fiist published then lepoit on 
continuous caudal analgesia in obstetiics The effect of this woik ^^as to stimu- 
late anew, ^\ idespread interest in painless childbirth Both the advantages and 
the inherent dangers of the method have been subjected to critical analysis by 
many investigators It is generally agieed that the most impoitant cause of 
failure is the inability to inseit the needle properly into the caudal canal W e de- 
cided, therefore, to investigate the possibility of continuous spinal anesthesia 
While the method has been used foi some time in cesaiean section, this is the 
first attempt, to our knowledge, to apply it to laboi and vaginal delivery This 
preliminary report is based on our expeiience in its use on fifty cases 

METHOD 

The technic employed has not been entirely uniform In the first five 
cases \\e followed the principle as originally advocated by Lemmon- using a 
standard continuous spinal set A\ith a 19 gauge malleable nickel needle 
In our desire to keep the anesthesia as low as possible the third or fourth 
lumbar interspace was chosen as the site of injection The anesthetic 
agent was procaine hydrochloride 5 per cent m normal saline The standard 
dose was 15 mg With this technic relief of pain usually occuried wuthin 
five minutes However, in most instances the patient experienced dull pain 
ill the back w ith each uterine conti action This unfavorable reaction prompted 
Us to inject at a highei level \Mien this was done the relief of pain w'as 
complete wathm three minutes While the choice of the first or second 
interspace may seem to many unnecessarily high, this location is physiologically 
correct The truth of this statement can be verified by examination of the 
chart in Figure i showing the sensory pathw^ays to the uterus The 
average interval between injections using a 5 per cent procaine hydro- 

* We are indebted to Dr Robert A Hingson for In': cooperation m the preparation 
of this report 
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Fig I — Sagittal section of a pregnant woman showing spinal needle in place between the first and 
second lumbar vertebrae Note the needles proximity to (i) the eleventh and twelfth thoracic nerves 
which carr> uterine sensory fibers, and (a) the second, third, and fourth sacral nerves which carrv 
sensory fibers from the cervix and lower birth canal 

Puncture of the dura at a higher level might result in injury to the spinal cord Jfotor fibers, 
not shown, are involved if the anesthesia blocks the sixth or higher thoracic nerves 
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chloride was 30 to 40 minutes Two per cent procaine -hydrochloride 
was then tiled This was found to be unsatisfactory for two reasons, namely, 
a highei dosage requiiement (20 mg ) and a shorter interval between doses 
(15 to 20 minutes) Despite the fact that our results in these eaily cases 
ueie encoui aging, we were not satisfied with this method primarily because 
of the length of the needle and the difficulty m keeping it in the subarachnoid 
space with the inevitable motion of the patient while m labor 

Our piesent technic is as follows the patient is placed on eithei side 
with the back flexed, which is the most favoiable position foi lumbar puncture 
After a thoiough suigical piepaiation a 2 5- or 3-inch malleable steel needle 
of the type used by Hmgson and Edwaids in caudal anesthesia is inseited 
into the first 01 second lunibai interspace A free diip of spinal fluid is ob- 
tained The back is then extended 111 ordei to fix the needle fiimly The needle 
IS then connected by 1 ubbei tubing to a 20 cc Luer-Lok syi mge v ith cut oft 
Valve containing i 5 pei cent Met3’’came m Ringer’s solution The standaid 
dose IS 15 mg (i cc) which is lepeated at necessaiy inteivals to secuie 
complete relief of pain (25 to 40 minutes) The height of the anesthesia 
level IS tested at fiequent inteivals We have found the sensoiy loss should 
extend 2 to 3 cm above the umbilicus Should the level rise above this 
point, there is danger of causing a cessation of uterine contractions It is 
important that while we have found this dosage sufficient to produce anes- 
thesia, complete motor paralysis does not occui In practically all cases 
the needle was withdrawn when the patient w'as placed on the deliver} 
table, due to the fact that a spht-mattiess was not available In our opinion 
this IS undesirable because it destroys an impoitant safety tactor, namely 
the ability to wuthdraw' the anesthetic agent m the e\ent of any untow^ard 
effect of the anesthetic solution 

In several patients spinal fluid w^as withdrawal followang the deliveiy in 
order to determine the Metycame content Repoit of one specimen from 
the laboratory of Eh Lilly and Company is as follows 

“J S , age 31, para i — continuous spinal July 6/44, 8 cc Spinal fluid withdrawn 
following delivery The specimen as measured in our laboratoiy contained 75 
cc The concentration was 49 mg “metycame” (ganivta [2-methjdpiperidino]- 
propjd benzoate hydrochloride Lilly) per cc or a total quantity of about mg 
This patient received 60 mg of meti'came over a period of two hours ’ 

The pi esence of this concentration of the anesthetic in the spinal fluid serves 
to emphasize the desirability of keeping the needle in place until completion of 
the deliveiy 


RESULTS 

Complete relief of pain was obtained m 40 cases, or So per cent, partial 
relief of pain w^as obtained in eight cases or 16 per cent Two cases, or 4 
per cent, w'-ere complete failures despite the fact that m each instance a free 
flow of spinal fluid w^as obtained and an adequate dose of anesthetic adminis- 
tered In three cases, or 6 per cent the anesthetic w'as discontinued because ol 
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Fig 2 — RED indicates stimulation and BLUE indicates depression of maternal and fetal organs 
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— From "Control of Porn in Childbirth," by Cbjford A Lull, M D and Robert A Hingson, M D 

J B Lippincott Company, Philadelphia, Pa 
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—From "Control of Pain tn Childbirth," by Clifford A Lull, M D and Robert A Hinqson. J/ D . 
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dislodgment of the needle from the subarachnoid space Six cases or 12 per cent 
1 equired inhalation anesthesia for deliveiy Included in this group are the two 
complete failures previously mentioned, one patient who experienced pain 
during the decomposition and extraction of the second of twins, and the 
three cases m whom the needle was dislodged (in two of these the episiotomy 
was repaired wuthout supplementary anesthesia) 

EFFECT ON EABOR 

It IS impossible to analyze accurately the effect on the duration of laboi 
in a series this small It is oui impression that labor is not lengthened if 
cel tain pi erequisites aie obseived The patient must be in active labor and 
have leached a point where she is suffering seveie pain, not merely the 
discomfort of early first-stage laboi The presenting part should be engaged 
and on a level with the ischial spines This applies equally to multipara as 
well as nullipara The cei vix should be effaced and 4 cm dilated before insti- 
tuting the method in nullipara Dilatation of 2 cm is satisfactory for multip- 
aious patients Failure to observe these lules will invariably result in 
prolongation or even cessation of labor 

In no case did we obseive any inteiference with eithei the frequency 01 
force of uterine contractions Fuitheimoie, w'e were impressed by the 
apparent acceleration of cenncal dilatation This w^oiild seem to at least 
suggest that undei propei conditions the first stage of labor is shortened 
b} this method While the mechanism of the first stage of labor is not 
appreciably altered, it must be fiankly admitted that the normal mechanism 
of the second stage is in most instances delayed One patient delivered 
spontaneously, in the remaining 49 opeiative delivery w^as necessary or an 
incidence of 98 per cent Forty-thiee cases or 86 per cent w'ere delivered by 
Ic.w forceps, six cases or 12 per cent w^ere delivered by mid-forceps Every 
instance of mid-forceps application occuired in occiput posterior positions 
It IS our impression that mid-forceps is the rule in occiput posterior posi- 
tions in continuous spinal anesthesia because the relaxed pelvic flooi permits 
extension of the head with resultant aiiest 

In all fairness, it should be stated that despite the high incidence of f 01 ceps 
delivery, these were gieatly facilitated by the complete pelvic relaxation which 
was obtained For example, no sulcus tears w^ere encountered in the mid- 
^Qj-Qgpg gJ;•o^p *W e do not believe this statement can be made in cases 
delivered under inhalation anesthesia Furtheimore, with proper applica- 
tion of forceps and episiotomy, normal pelvic anatomy should be preserved 
We were unable to note any deviation from the normal third-stage mechanism 
In all instances the placenta separated completely and promptly (usually 
within three minutes) and was expressed by the simple procedure of 
traction and fundal pressure No case of letained placenta occuired 

While the blood loss w^as not measured, we believe that We may state 
with accuracy that it was less than normal, 7 c , less than 250 cc In no 
case did the uterus fail to contract firmly at the end of the third stage, thus 
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precluding the necessity for the routine use of oxytoxics We do not advise 
the administration of either pituitrin or any ergot derivative until termination 
of the third stage Failuie to observe this precaution may result in 
retained placenta 

EFFECT ON THE MOTHER 

Ninet}’- per cent of the mothers reacted favorably to this method and 
were enthusiastic over the dramatic relief of pain Approximately lo per 
cent, mainly multipaia, weie either emotionally or intellectually unsuitable 
for continuous spinal anesthesia While their behavior was entirely satis- 
factory during labor it was difficult to convince them upon arrival in the deliv- 
ery room that they would experience no pain during the actual birth of the 
child There weie no instances of broken needles Infections, severe circu- 
latory collapse or sensitivity to the various drugs were not encountered In a 
few cases primary unilateral anesthesia occurred This was easily overcome 
by additional dosage and placing the patient on the opposite side Little oi no 
alteration of blood pressure occuired in the vast majority of cases In only 
three patients did the blood pressure drop to a serious level Rapid restoration 
M as effected by the administration of oxygen, a vasoconstrictor drug and eleva- 
tion of the lov er extremities to a 90 degree angle Twelve per cent of the group 
vere hypertensive because of toxemia In each instance the blood pressure 
vas lowered and the urmaiy output increased under continuous spinal 
anesthesia 

One patient developed postpartum eclampsia She was admitted to the 
hospital m labor complicated by seveie toxemia, her blood pressure being 
180/120 During ten hours of spinal anesthesia the blood piessure dropped 
to 140/100 and the urinary output was 1200 cc (Spinal was instituted 
early to observe its effect m seveie toxemia) It is our belief that the single 
convulsion which followed did not result from the anesthesia 

Twenty-two cases, or 42 per cent, experienced rather severe but transient 
headache which was leheved by mild analgesics This complication could 
be prevented in most instances by having the patient remain in the supine 
position without a pillow for 48 hours postpartum Theie were no instances 
of backache or pain in the legs duiing the postpartum period Twelve 
cases or 24 per cent had urinary retention following delivery All of 
these were transient, disappearing by the end of J2. hours This incidence 
IS no higher in our experience than ^Mth other anesthetics Maternal morbidity 
in our series was 6 per cent There A\ere no maternal deaths 

EFFECT ON THE INFANT 

Spinal and continuous spinal anesthesia have no adverse effect upon the 
foetus The illustrative charts reproduced here shgw the comparati\e effect 
on both mother and child of spinal anesthesia and ethyl ether The marked 
contrast between the tvo graphically demonstrates the superiority of spinal 
anesthesia Dr Kenneth A Heard of the University of Toronto has stated 
“He vho denies the babv the safet}’’ of spinal anesthesia must be prepared 
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to accept the responsibility for its protection from ether ’’ There were 51 live 
babies in this senes and no stillbirths Respiration was spontaneous and 
immediate and all infants cried lustily Cyanosis did not occur m a single case 
One infant died 72 hours postpartum This occurred in a seven months 
pi emature and in our opinion can not be atti ibuted to the anesthesia 

INDICATIONS AND CONTRAINDICATIONS 

Although our senes is small and our expenence uith this method limited, 
we feel that continuous fi actional spinal anesthesia is especially indicated 
in the folloAving conditions (i) prematurity, (2) some cases of heart dis- 
ease, (3) hypertensive toxemia, (4) pulmonary disease, such as tuberculosis, 
(5) preAUOus ceivical and vaginal lepan because of its relaxing effect on 
the lower uterine segment, pelvic fiooi and peiineum 

Contraindications may be divided into local, general and obstetric The 
local contiaindications aie (i) defoimity of the spine or disease of the 
spinal cord , (2) local infections at or near the site of injection The general 
contraindications are (i) marked obesity, (2) history of sensitivity to the 
(3) those emotionally unsuited, (4) seveie anemia 

The obstetrical contiaindications aie (i) nonengagement of the pre- 
senting part, (2) cephalopelvic dispioportion , (3) known fetal deformity 
or dead baby, (4) placenta previa, (5) internal podahc i^eision 

COMMENT 

Continuous spinal anesthesia for laboi and vaginal delivery is still 
in the experimental stage We uige extreme caution 111 its use It 
should only be employed either in the hands or undei the dnection of one 
completely familiar with the technic and in a veil equipped institution 
All precautions to safeguatd the patient’s welfaie should be taken Oxygen, 
vasoconstrictor drugs, stimulants and intravenous fluids should be im- 
mediately available at all times Because of the high incidence of opera- 
tive delivery, continuous spinal anesthesia should not be attempted by the 
untrained obstetrician The method is time-consuming and requires coh- 
stant peisonal supei vision It is both unfaii and dangerous to give 
the initial injection and then place the lesponsibihty foi its continuation 
in the hands of an intern or nurse We feel that continuous spinal anes- 
thesia affords the patient the additional safety factoi of withdrawal of 
the anesthetic agent should any untowaid effect occui This is in contrast 
to caudal or single injection spinal in which this is impossible 

StnWMARY 

j Fifty cases of continuous fractional spinal anesthesia for labor and 

delivery are presented and discussed 

2 Comparison between the various drugs seems to indicate the superioiity 

of I 5 per cent metycaine in Ringer’s solution 

3 It has been shown that the most favoiable site of injection is the fiist 

or second lumbar intei space 
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4 Premature institution ot the method invariably results in prolongation 
or cessation of labor 

5. The patient should be in active labor with the presenting pait in mid 
pelvis and the cervix 2 to 4 cm dilated, depending upon the parity 

6 The pi ogress of the first stage is apparently accelerated 

7 The second stage of labor is altered, and the incidence of operative 
delivery is gieatly mceiased 

8 The thud stage of laboi proceeds noimally, and the blood loss is minimal 

9 This anestliesia is witliout adverse effect on the baby 

10 We do not advocate this method as a loutine proceduie and urge 
caution in its emplo} ment While no s'erious complications occurred 
in this senes furthei tnal is necessaiy to evaluate its future place in 
obstetrical anesthesia 


REFERENCES 

1 Hingson, R A , and Edwards, W B Continuous Caudal Anesthesia in Obstetrics 
Am J Surg, 57, 459, 1942 

- Lemmon, W T A Method for Continuous Spinal Anesthesia Annals of Surgery, 
III, 141, 1940, idem, ibid 120, 129, August, 1944 


151 



THE USE OF THTOURACIL IN THE PREPARATION OF PATIENTS 
WITH HYPERTHYROIDISM FOR THYROIDECTOMY* 

Francis D Moore, M D , Donald N Sweeny, Jr , M D , 
Oliver Cope, M D , Rulon W Raavson, M D , 

AND 

) H Means, M D 

Boston, Mvss 

FROM THE THYROID CLINIC OF THE MASSACHUSETTS GENERAL HOSPITAL BOSTON MASS 

The prepara j ion of thyrotoxic patients for thyroidectom)'^ has undergone 
a gradual evolution based on the use of physical oi chemical agents intended to 
coirect the undei tying physiologic abnormality and bring the patient to surger)' 
in as nearly noimal a state as possible Bed rest alone, with adequate sedation, 
accomplished a minimal but significant change in this direction The introduc- 
tion of the use of iodine foi this purpose Ity Plummer,^ in 1923. marked a signal 
advance, with a resultant loveiing of operative morbidity and mortality 

During the “iodine period” of thyroid surgeiy m the years which intervene 
from Plummei’s contribution until the present, lefinements in surgical technic 
w dh modification of the one-stage subtotal thyroidectomy have been superim- 
posed on iodine treatment with a view to more adequate prepaiation for the final 
removal of the gland Pole ligation and staged thyroidectomy, employing 
various technics and intervals, have found a useful place m occasional cases 
Plowevei , the fundamental problem remained of a patient undergoing operation 
suffering fioni a metabolic abnormality greatly aggravated by the physiologic 
stress and local manipulation incident to thyroidectomy Attempts to reduce the 
importance of these latter factors by variation 111 anesthetic agents have led to 
the use of a number of anesthetic and operative technics which only ameliorate 
but do not solve the problem 

In 1941 and 1942^’ the MacKenzies and McCollum reported that sul- 
fanilylguanidme produced goiters and depiessed the basal rate of oxygen con- 
sumption in experimental animals Richter and Clisby^ made similar observa- 
tions using thiocaibamide These observations formed the basis for the use of 
an entirety new^ series of chemical agents possessing potent but at that time 
poorly understood action on the thyroid gland 

Astw^ood^ studied a number of these goitrogenic agents and determined that 

* Aided in part by a grant from the Josiah Macy Jr Foundation 
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2-thiouracil was among the most effective and that unlike goitrogens of the 
thiocyanate group the hyperplastic effect on the gland was not abolished by the 
coincident administration of iodine To Astwood, also, belongs the credit for 
first using agents of this class m the treatment of thyrotoxicosis , his work with 
thiouracil led to our employment of the drug as a means of preparing thyrotoxic 
patients for surgery Himsworth® has confirmed these observations in a series 
of patients treated with thiouracil , one of the six patients studied by him was 
operated upon 

In 1942 and 1943, the goitrogenic action of thiocyanate was in\ estigated by 
members of the Thyroid Clinic of the Afassachusetts General Hospital Obser- 
vations of thiocyanate goiter in man" had led Dr E M Chapman^ to attempt 
the use of thiocyanate as a means of altering the thyroid function of four patients 
V ith thyrotoxicosis The results were not encouraging, however, and only one 
of the four patients treated showed a lowering of basal metabolic rate There- 
fore, with the knowledge of Astwood’s work, attention was shifted to thiouracil 

The ideal preparative drug for th)’-! oidectomy would be one which so modi- 
fied the undei lying metabolic abnormaht} as to bung the patient to the surgeon 
with no evidence of thyrotoxicosis, allowing him to remove the gland and pro- 
duce permanent relief without subjecting the patient to the hazards of surgery 
while thyrotoxic It has been our purpose to ascertain to what degree thiouiacil 
approached this ideal The complications of thyroidectomy fall into three 
groups those related to surgery in general, such as hemorrhage and sepsis, 
those related to the peculiar anatomical relationships of the thyioid gland, such 
as nerve or parathyroid injury, and, third, those which stem from the patho- 
logic physiology of thyrotoxicosis, chiefly storm and postoperative thermal 
reactions It has been olir hope that thiouracil would lessen the hazards in the 
third group of complications However, in focusing our attention upon those 
factors we must not lose sight of possible increased hazards in the first two 
categories traceable to inci eased vascularity or friability of the gland 

Thiouiacil IS a stable 01 game compound related to thiourea It is adminis- 
tered by mouth in the form of a o i Gm tablet, and is well tolerated by the 
Pdtient with thyrotoxicosis ** Toxic by-efitects have been observed in occa- 
sional cases and will be discussed below , these evidences of toxicity resemble 
sulfonamide sensitivity, and the same type of precautions should be taken in 
using thiouracil that one w'ould employ with sulfonamides 

On June 24, 1943, our first thiouracil-treated patient was operated upon, 
tind since that time 53 patients have 1 eceived the drug as a preoperative meas- 
ure Several of these patients received the drug foi such a short time as to 
render observations on its action of little meaning , others w^ere not on the drug 
at the time of operation 01 have been follow'^ed for too short a tune to permit 
valid conclusions to be diawn In all, 34 patients have been treated preoper- 
atively, have come to operation on thiouracil, and have been follow^ed long 
enough to form the basis of this report 

* The thiouracil used in this study has been supplied through the kindness of Dr, B W 
Carey of the Lederle Laboratories, Inc 
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CLINICAL DATA 

The patients included in this report were seen and diagnosed as having 
hyperthyroidism by members of the Thyroid Clinic of the Massachusetts 
General Hospital and by the house and visiting staffs on the wards The 
patients prepared for operation with thiouracil were kept in the hospital 
throughout the period of preopeiative tieatment Their response to treatment 
was followed by basal metabolic rates measured at least twice a week and by 
the clinical obseiwation of members of the Thyroid Clinic Unless stated other- 
wise, the daily dose of thiouracil w?as o 6 Gm , usually administered as o 2 Gm 
m three doses The di ug \\ as not started until aftei a satisfactory base line in 
basal metabolic rate had been obtained The drug was stopped on the day of 
operation The patients were released from the hospital postoperatively with- 
out any medication and are being followed in the Thyroid Clinic 

Eight of our patients had been treated with potassium iodide before thiou- 
racil was started One continued to take the potassium iodide during the time 
of treatment with thiouracil Seven patients had received some form of iodide 
therapy until lo to 30 days befoie starting treatment ivith thiouracil They 
did not receive any further iodine The remaining 26 patients were previously 
untreated cases, none of them had received any specific drug therapy for 
thyrotoxicosis, and thiouiacil ivas the only diiig used to alter thyroid function 
preoperatively 

The patients studied in this senes w'ere opeiated upon by eleven surgeons 
Four of the suigeons peifoiined these opeiations ivhile resident on a surgical 
service, accounting for 25 of the 34 cases The remaining nine cases w ere oper- 
ated upon by seven members of the visiting staff Unless otherw ise specified, 
the operation performed rvas a one-stage subtotal thyroidectomy employing 
section of the strap muscles and hemostasis with fine nonabsorbable suture 
material (silk or cotton) Diainage for 18 to 24 houis with a small midline 
or lateral drain was used in several of the cases, it is not routine The post- 
operative legimen employs an oxygen tent, intravenous glucose and thiamine, 
single room and special nurse on all cases The general handling of the patients 
follows closely the outline of Cope and Welch ^ 

As a control series, 35 thyi oidectomies for thyrotoxicosis, performed at the 
Massachusetts General Hospital in the years 1941 and 1942, have been selected 
These iodine-treated control cases were ail operated upon between the -months 
of June and December of their respective years, these being the months during 
which the thiouracil cases were operated upon in 1943 The distribution of 
initial B M R levels in this control group of cases coincides closely with that 
of the thiouracil-treated group Thus, the 1941 and 1942 lodme-treated cases 
used here constitute an adequate control group, presenting problems of similar 
magnitude in their surgical care These cases, like the thiouracil-treated 

*We are indebted to Dr A W Allen, Chief, East Surgical Service, Dr L S 
McKittrick, Chief, West Surgical Service , Dr J V Meigs, Chief, Gynecologic Service , 
Dr R R Linton, Dr R H Smithwick, and Dr G A Donaldson for data on cases 
operated upon by them 
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PVTIENTS PREPARED POR OPERATION WITH THIOURACIL ONLY 

A — Diffuse Hyperplasia (23 Patients) 
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THIOURACIL IN IHYROiDECTOMY 



Fig 1 — Pulse, weight and B M R responses of patient F D 
(No 24336) to thiouracil treatment, a previously untreated case of 
hyperthyroidism with an initial B M R “level” of + 60 The drug was 
started following biopsy of the gland The rate rapidly fell to the 
neighborhood of +s, at which point subtotal thyroidectomy was per 
formed The pulse response is striking There was no significant weight 
gain in this case The histologic appearance of the thj roid at biops\ and 
at thyroidectomy is shown in Figure 8 

patients, weie opeiated upon in the great majority of instances by the surgical 
residents The postoperative handling A\as identical with the exception of the 
fact that the thiouracil cases received no postoperative iodine 

The clinical response to thiouracil was satisfactoiy in all of our patients 
The patients experienced improved tolerance for the heat, decreased ner\ ous- 
ness, and increased strength usually within ten days of starting the drug The 
tremor was obserAed to decrease and to disappear in several cases, and the 
pulse rates became neaily noimal The eight cuiwes vere \ariable 

The thyioid glands did not appear to become largei nor did the} become 
firmer, as one usually observes m the thyrotoxic patient tieated vith iodine 
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Vio 2 — Pulse, iveight, iiid BMK responses of 
n itient F P (No 24382) to thiouracil treatment With 
an initial BMR of +78, settling doi\ii on bed rest 
to a “level” of + 35, tins patient’s B JI R fell to 
tom 17 days of treatment Further treatment was neces 
iitated by the appearance of dental sepsis which postponed 
operation, in a total of 40 days of treatment the BMR 
fell to - 16 and the patient became clinically myxedematous 
(compare with histologic sections shown in Figure ii) 


Indeed, in a few cases the thyroid became softer This change in consistenc) 
gave the impression m some instances that the gland became smaller A bruit 
and thrill appeared over the thyroid m several cases In no instance did a pre- 
existing bruit disappear during treatment with thiouracil In some patients 
the bruit became louder, an observation which correlates with the A^asculant} 
observed at operation and seen on microscopic section 

THE PREOPEKATIVE BASAE METABOEIC RESPONSE 

The basal metabolic lesponse to thiouracil is signalized by the fact that il 
IS evidenth possible to bung the late down to between o and -f-io iegard]es‘< 
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rHlOURAClL IN THYROIDECTOMY 


of the initial values, providing one maintains treatment with the drug for an 
adequate peiiod of time 

The initial fall in basal metabolic rate in the cases treated with thiouracil 
alone is similar to the iodine response cun^es reported by Means and Lerman 
In contrast to the iodine response curves which level off aftei an initial drop 
the thiouracil response cuiwes continue then descent until a myxedema level is 
approached A series of curves showing the metabolic response to thiouracil 
is piesented in the paper by Rawson, et al reporting the metabolic studies 
with thiouracil carried out in this clinic 

The basal metabolic responses seem to fall into two gioups In the patient 
with untreated thyrotoxicosis, having an initial basal metabolic rate in the 
higher range and v ith diffuse hyperplasia, the response to thiouracil is usually 
lapid and the fall to a noimal metabolic rate may take place within ten days to 
tliiee weeks Examples of this type of response aie shown in Figures i and 2 
Patients tieated vith iodine before thiouracil therapy constituted a second 
group The fall in the basal metabolic rates of these lodiiiized patients was 
delayed as compared with the fall noted in the basal metabolic rates of pie- 
viousl}’’ untieated cases, lequiiing from foui to six weeks to leach normal 
One patient who was fully lodinized was treated for a month with thiou- 
racil, continuing iodine during this period The response to this therapeutic 
combination was minimal and during the month in question his rate did not 
significantly depart from a level of -\-20 We lealize, in the light of subse- 
quent experience, that the response would have been more rapid had iodine 
treatment been discontinued , 01 , conversely, had we elected to continue iodine, 
we should have been content to wait two or three months foi the thiouiacil 
response ^ 

Two patients who had had large goiters for many years and had only 
recently developed symptoms of thyrotoxicosis were also slow in their response 
to thiouracil The histologic appearance of their thyroids was that of involu- 
tion with secondary hypei plasia Clinically and histologicall} , they tend to fall 
in the same group as those patients who had leceived iodine treatment before 
thiouracil was started An example of this group is shown in Figure 3 

It is our conviction at the present time that if thiouracil is continued, how- 
ever. even in this group of iodine treated patients or patients with old nodular 
goiters recently become toxic, ultimate!)^ a complete metabolic response will 
be obtained During the course of our work we were not awaie of this fact in 
some of the earlier cases and doubtless opeiated upon them prematurely from 
the standpoint of the basal metabolic response 

In Table I are shown the essential daia on all the operated cases, divided 
into groups according to their status with respect to iodine therapy 

COilPAHISON WTLTH IODINE-TREATED CASES 

Any attempt to evaluate thiouracil preparation must invoh e a comparison 
wuth the pievious method of pieparation which it may replace In an effort 

*A patient w'ho did not come to operation on thiouracil because of a failure to 
demonstrate a metabolic response to the drug during six weeks of treatment with both 
thiouracil and iodine also demonstrates this point 
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Pig 3 — Pulse, weight, ind B M R responses to thiouracil of a patient 
(M B No 24180) with a long standing colloid goiter recently become tOMc 
Treatment for 30 days did not alter markedly the trend of the B M R In 
retrospect, we realize that this patient was operated upon prematurely, and that 
another 10 01 15 days of treatment might hare sufficed to reduce the rate to 
normal Compare with histologic sections (Figure 13) 

to accomplish this, 35 thyi oidectomies pei formed with iodine preparation have 
been analyzed with respect to their preoperative metabolic response and 
postoperative course 

The preoperative metabolic response to thiouiacil differs strikingly from 
iodine preparation in one important regai d which it is difficult to overempha- 
size This difference resides in the fact that a group of lodme-treated cases 
show a shift downwaids in then metabolic rate, aveiagmg about 25 points, 
whereas thiouracil treatment shifts the distiibution of metabolic rates from the 
same staitmg figure to the region of — o, a diop of almost 50 points 

As shown in Figuie 4, the iodine-treated patients show a shift in the peak 
distribution from a B M R of -f 45 to a B M R of -{- 20 , but there is a very 
considerable spread, with some of the patients after iodine therapy still main- 
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taming a B M R in the highei level, with others falling quite low On the 
other hand, as shown in Figure 5, the thiouracil group show a shift in peak 
from -j-45 to ±0, and the cases aie rather closely grouped between o and +10 
at the preopeiative determination Stated otherwise, thiouracil, if correctly 
used, can be lelied upon to bring the patient’s metabolic rate to or near o before 
operation The iodine response curves of Means and Lerman^® demonstrate 
that with a peak distribution of initial B M R ’s at +40 one will naturally 
expect the level to be -j-20 aftei iodine therapy Furthermore, we know from 
experience that if the iodine is continued on for another two or three weeks, 
the level will usually not fall much lower With thiouracil the level will con- 
tinue to fall until it reaches ±0 or lower 

It is probable that continuance of thiouracil over a period of months 
will produce myxedema m thyrotoxicosis, two thyrotoxic patients tieated 
by us have been allow^ed to fall to levels m the vicinity of — 15 before operation 
Fuithermore, we know'^ from one case seen in this clinic that thiouracil given 
m adequate doses ovei a penod of months can produce a laige goiter and 
clinical rqyxedema m a nonthyrotoxic patient In the surgical cases, operation 
has usually been performed wuth the rate m the vicinity of o to -l-io, at 
ivhich time the drug has been stopped 

For those clinicians wdio feel that an iodine “escape” phenomenon may 
occasionally complicate prolonged preoperative iodine tieatment, thiouracil 
has the advantage that long-continued treatment senses ahvays to low^er the 
B M R further, as shown 111 Figure 2 This patient, ready for operation 
aftei 17 days of treatment, could not be operated upon because of oral 
sepsis A furthei 23 da)''s of treatment onl}’^ served to low'er the rate 
further, finally •producing clinical myxedema at wdiich point the patient 
was operated upon 

OPERATIVE AND POSTOPERATIVE CHARACTERISTICS OF THE 
THIOURACIL-TREATED PATIENT 

As has been pointed out pieviously, some of the glands show^ an unusual 
degree of hyperplasia histologically and a grossly increased vasculant}’’ aftei 
thiouracil preparation In an occasional patient the vasculai it)'^ may be suf- 
ficiently exaggerated to hampei the surgeon and complicate the operation 
This phenomenon was of surgical significance m three of the 34 oper- 
ated cases 

The operative course of this group of patients w'^as satis factor}'- from 
the standpoint of pulse and blood pressure responses Indeed, m mam 
instances the even pulse and blood pressure readings over a tw'o-hour 
period were quite strikftfg and most unexpected for the degree of thyro- 
toxicosis existing previous to treatment The mtra-operative blood pressure 
and pulse response has been used®* by the resident surgeons of this hospital 
for some time as one of the chief criteria m selecting' hemithyioidectomies 
as the surgical treatment for any given case In this group of thiouracil- 
treated patients none required hemithyroidectomies for this reason One 
patient prepared for her first operation with iodine (B K No 24323) 

160 










MOORl b\VMu\Y, iK.eOPL KVWSOiN \ND MFANS Jn»aK«rsu,un 

ne(.essitated hemith} roidectomies and was prepared ioi her second oper- 
ation with thioiiracil Another patient (M S No 23309) was selected for 
hemithyroidectomies jireoperativeli liecanse ot the piesence of a large lodine- 
fast goitei and the development of a leukopenia \\hile on thioiiracil Actiialh 
hei operative 1 espouse during the hist opeiation was entiieh uneventful 

Chaits showing the postopeiatnc response o1 the thiouiacil gioup as 
conipaied with the contiol gioup of cases are show’ii in Figures 6 and 7 
In Figure 6 is sliowm the postopei ative temperatuie and pulse readings toi 
a gioup of lodine-ti eated thyrotoxic patients There is a wide spread in the 
leadings, with man) tempeiatuie readings ovei 102° F and man) pulse 
lates ovei 120, some up to 160 The aveiage shown In the lieaAy line 
IS not excessiA’’e in eithei lespect The thiouiacil-treated jiostoperative cases 
aie shown m Figuie 7 Heie the a\eiage tempetatui e cuive is not sig- 
nificantly lowei than in the iodine cases The pulse aAeiage is lower how- 
tvei barelv going ovei 100 where the loduie-ti eated group shows an average 
ovei 100 loi a 24-houi peiiod In the case ot both temperature and pulse 
leadings the spiead is much less in the thiouiacil cases Onh two tempera- 
tuies use over 102° F and these both in the second da) due to minor 
degrees of atelectasis not on the basis of thviotoxicosis Onh one puFe 
Stays over 120 foi se\eial leadings 

The postopei ative couise of the thiouiacil-ti eated patients has been smoothei 
than that w^e have become accustomed to expect lollowmg the preoperative 
piepaiation with iodine The couise lias been more disturbed than in 
jiatients following lesection of a nontoxic goitei, howeiei as eMdenced In 
1 equcnt tempeiatuie leadings between 100° F and 101° F on the first 
and second postoperative da) s 

It IS apparent theiefore that though the metabolic late is 1 educed to 
1101 mal by the thioiiracil, the entire physiologic status of the jiatient is not 
in equihhiium the autoncmic nervous svstem is still to some degiee dis- 
t irbed This is a manifestation of the fact that though thioiiracil inhibits 
the foimation of thyroid hormone it does not affect the underlying etiologic 
mechanisms of thyi otoxicosis this fundamental autonomic imbalance iiersists 
and may be responsible foi the lesidual jiostoperative theimal responses seen 
in inaiiA^ of oni cases 

HISTOLOGIC AND MOT MIOLIC OBSKRA" VTIONS 

The siiigically-removed thyioid glands Avhen examined histologicalh 
showed 111 contrast to the involution obsen’^ed in lodmized th)ioids hyper- 
tiophy or maiked hypeiplasia Avith diininished or absent colloid In Aiew 
of this hyperplasia and in A'leAA of the marked hyperplasia obsen^ed in the 
experimental goiters pioduced 111 animals by the administration of thiouracil 
a A^ery natural question piesents itself “Does the administration of thiouracil 

* One patient de\ eloped paroxysmal auricular fibrillation postoperativelj She had 
a large retrosternal gland, and manipulation in the anterior mediastinum was necessarA 
m order to remove it The fibrillation was controlled b\ quimdme and digitalis, and 
might ha\c been prevented In the preoperatiA'e nse of these agents 
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A B 

Fzg 8 — Sections of thjroic! from intient 1 ' D (Ao 24136) tikeii (-\) before nntittiiij; tlnonricil 
treatment, and (B) after 20 dn\s of treatment The acinar cell heiKht ha« been increased an 
a\enge of 4 2 micra 



A B 

Fig 9 — Section of thyroia from patient B B <No 422660) taken (A) before starting thiouracil 
treatment, and (B> after 17 dajs of therap) The normal strnctnre of the thyroid has been partially 
replaced by lymphoid tissue and the remainder sbons extreme hyperplasia 
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in hyperthyroidism increase the already existent thjroid hypertrophy and 
hyperplasia^” With this question m mind, biopsies u-ere done on the 
thyroids of five patients before thiouracil theiapy was started The histo- 
logic picture of the biopsy specimen was compared with the histologic 
appearance of at least four dififeient areas fiom the glands lemoved at 
operation 

These piepaiations veie examined undet oil immeision and the height 
of one 1 e^n esentative cell from each of loo successive acini vas determined 
m each slide Some increase in the mean acmai cell height vas observed 
m the thyroids of all patients studied, indicating increased hypeiplasia in 
the thiouracil-treated glands In one patient the increase m mean cell height 
averaged 42 micra (Fig 8) In another patient the biopsy showed only 
hypertrophy and hyperplasia, several specimens of the surgically removed 
thyroid examined after tieatment with thiouiacil showed in addition to the 
hypertrophy and hyperplasia of the acinar cells hyperplasia of lynnphoid 
t’ssue In seveial areas (Fig 9) the acinai stiucrure of the thyroid was 
abnost completely replaced by lymph follicles 

The most prompt clinical and B M R responses w ei e obser\ ed in 
those patients whose thyioids on histologic examination showed marked 
hyperplasia and pi actically'- no stoied colloid As an example, a 20-year-old 
girl (E K No 24085), who had classic exophthalmic goiter of moderate 
severity, show'ed a basal metabolic late befoie staiting tieatment of 
Clinical improvement was lapid on thiouiacil. and by the tenth day of theiapy 
the metabolic rate had fallen to ~j-2 The histologic picture of the lesected 
thyroid, showm in Figure 10, was that of marked hyperplasia with almost 
complete loss of colloid 

A fuithei example of this phenomenon is shown by anothei 20-year-old 
girl (F P No 24282) w'ho on admission to the wvird appealed extieinely 
toxic With bed rest and sedation she impioved Her B M R level betore 
starting treatment wnth thiouiacil was -)-35 She made a good response to 
thiouiacil and in 17 days hei metabolic rate liad fallen to -j-7 The eiemng 
before scheduled opeiation she developed a fevei wdnch was due to two 
dental abscesses Thiouracil administration was continued, the dental ab- 
scesses w'ere drained, and the infected teeth leinoved Within 30 days 
the metabolic late had fallen to — 16 and the patient appeared to be myxe- 
dermatous Opeiation was pei formed on the 40th day of thiouiacil tieat- 
inent Her thyioid was found to be so hypei plastic that in some paits of 
the gland the acinai stiuctuie was completely replaced by columns of 
epithelial cells, as shown m Figuie ii In this patient, aftei 40 days oi 
therapy, clinical iny^xedeina coexisted with extieme histologic hyperplasia 
In contrast, is the example of an i8-yeai-old male (W L No 24260) 
admitted to the hospital waids with model ately seveie thyiotoxicosis, and 
a B M R level of -{-40 He made a slow response to tieatment with 
thiouracil The B jM R fell to -|-12 in 30 day^s The thyioid (Fig 12) 
even after treatment was found to be involuted with piacticallv no hyper- 
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plasm, a fact difficult to reconcile with oui other experiences wnth untreated 
cases Aftei the thyioid sections had been examined the patient was again 
asked about pievious theiapy, and he then admitted having taken iodine 
for seveial weeks before admission to the hospital This disclosure of 
pievious lodmization explained the appaiently incongruous findings 

Also in contrast, a 49-year-old housewife (M B No 24273) entered 
the hospital for treatment of palpitation She had had a large goiter for 
15 years, and had had mild symptoms of thyrotoxicosis for five months 
She had a B M R level of -^20 After 22 days of treatment with thiouracil 
the basal metabolic rate fell to -{-7 The operatively removed thyroid 
examined histologically revealed involution with little hyperplasia, as showm 
in Figure 13 

Astw'ood"' has advanced the theory that thiouiacil acts by preventing 
the completion of physiologically active hormone and that it does not affect 
the preformed hormone Our observations that the most rapid clinical 
and B M R responses to thiouracil treatment were observed m those 
patients whose thyroids originally showed hyperplasia and practically no 
colloid, support Astwood’s theory 

In ten of the patients w'ho had been prepared for thyi oidectomy with 
thiouracil the uptake of radioactive iodine (eight-day half-hfe) was studied 
Each of these patients wms given a tracer dose of radioactive iodine (150 
micrograms of iodine as sodium iodide) 24 to 48 hours before operation 
All of the urine excreted from the time of radioactive iodine administration 
to the time of opeiation wms collected in 24-hour amounts The per cent 
of radioactivity excreted 111 the urine then was determined, as wmll as the 
amount of radioactive iodine contained in the thyroid at the time of operation 
In general, it was observed that most of the administered iodine was excreted 
in the urine and that very little radioactivity was demonstrable in the thyroid 
tissue This IS in distinct contrast to the reported^” findings in untreated 
thyrotoxicosis and lends considerable suppoit to Astw'ood’s theor} , it sug- 
gests furthei that the “block” in elaboration of hormone takes place at the 
level of lodinization 


TOXICITY 

Thiouracil appears to exhibit a degree of toxicity similar to the less 
toxic sulfonamides whose toxic properties it resembles Amongst 52 patients 
tieated to date wm have observed tw'O leukopenias, four oral infections 
possibly related to the drug, and a generalized lympadenopathy which 
cleared aftei stopping the drug at operation Dr Astwood'*' has obsened 
a leukopenia wdiile creating a patient wnth 2 o Gm per da} and four drug 
fevers Drug fevei and rash have been reported in the literature, in two 
of our patients the de\elopment of a fever was associated wuth sensitivity 
to the drug as manifested by an abrupt rise in temperature to 103° F after 
a single dose of thiouracil, followung a few days’ cessation of dosage 

* Personal commnnication from Dr E B Astwood 
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The leukopenias obsened in two oi oui patients invohed a fa!! in 
white count to the neighboihood of 2500. the percentage oi polymoi- 
phonuclear leukocytes nevei fell below' 30 pet cent In one patient the 
drug w'as continued with letuii of the count to normal In anothei, the 
drug w'as stopped The dental mlectioiis and gingivitis obseived m two 
patients involved postponing opeiation but did not altei the outcome 
of treatment 

In no case has an} toxic manifestation eithei complicated operation 01 
involved abandonment of surgen in the two patients who developed diug 
sensitivit}, with fever, preopeiative piepaiation was completed with iodine 
Because these tw'O patients did not come to opeiation on thiouiacil the\ 
are not included m Table 1 

COMMENT 

Thiouiacil changes piotoundl} the function ot the thyioid gland The 
experimental observations and the initial clinical observations ot Astwood 
w'lth this chug have been amply confirmed The place of the chug in the 
treatment ot hyperthyroidism, howevei has not been settled final!} 

At the Massachusetts Geneial Hosjntal we have resen eel the chug in 
nearly all instances for the piepaiation of patients for th} 1 oidectoni} As 
such it IS more effectii'e than iodine 01 any othei previously tiied agent 01 
combination of methods It used conecth, the metabolic rate ot the patient 
IS reduced to noimal 01 lowei Fiom the point of Mew ot metabolic rate 
the operative risk, theiefoie is appaientl} that of the patient with nontoxic 
goiter Both the opeiatne and postopei ative couises of the patient who 
has been prepaied with this chug aie less tempestuous than the patient 
prepared with iodine, in whom theie is usual!} a lesidual elevation oi 
metabolic rate It should be pointed out howevei. that in a few patients 
even though the basal metabolic level was well within noimal limits im- 
mediately befoie operation, there weie upheavals of caidiac tunction and 
uses of body tempeiatuie aftei opeiation lemmiscent of the patient opeiated 
upon with active hypeithyioidism Although clinical impiocement paialleled 
the drop in metabolic late, the entiie physiologic state had not leturned to 
normal This may indicate that thyiotoxicosis is essential!} a biphasic 
disorder — one phase the result of cellulai metabolic changes pioduced In 
thyroid hoimone in excessne amounts, and the othei phase a more funda- 
mental etiologic process related eithei to the pitmtai} 01 autonomic neivous 
system, or both Thiouiacil can altei only the metabolic phase of the disease 
(by blocking the lochnization of the hoimone) leaiing the undeihing auto- 
nomic 01 endocrine disoulei unchanged It is this lattei aspect o) Inpei- 
thyroidism wdneh must be appioached in futuie therapeutic endeaiois and 
w’hich at piesent piocluces some postopei ative upheaval in the patient pie- 
paied W’lth thiouracil 

Since the usefulness of the drug as fai as opeiation is concerned lies 
m the reduction of the metabolic tale to normal it is unfoitunate that those 
patients needling the ding the most, the tlniocauliacs aie the ones m whom 
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the duig takes the longest to act The thjiocaiduic repiesents the patient 
cai lying the \ioist siiigical iisk These aie usuall} patients in the older 
age-gioup, in Mhom the limited caidiac leseive of age has been completel} 
absoibed by the excessne taidiac load of th} i otoxicosis and in -whom, 
theiefoie the added bin den of opeiation is pi one to initiate serious decom- 
pensation Such patients hai'e often had long-standing, i\ell imoluted 
goiteis The colloid piesumabh stoied m these glands dela}s the clinical 
effectiveness of thiouiacil Seieial weeks or a month of therapy, with the 
patient bediidden, may he needed before impiovement is adequate for 
operation The advantages of the diug, howevei, outweigh the disadvantages 
of prolonged piepaiation unless the patients toxicity is very mild In 
any case selected foi tieatment the chug- should he started and no con- 
sideiations shoit of fiank toxic it\ should dissuade the clinician fiom con- 
tinuing it until the full benelit is obtained and the B ]\I R is at o oi below 

Knowing that Docto’ Astwood and otheis weie centeimg their attention on 
the possible medical cuie ot hipeitlnioidism with thiouiacil, this clinic has 
tieated but few cases w'lth thiouiacil and iMthoiit suigeiy It is perhaps 
unwise to compaie at this stage his obseivations with oiiis, but certain 
pathologic and physiologic considei ations in legaid to the ecentual medical 
theiapy of hypeithyroidism with this diug aie of impoitance at present 
Thiouiacil IS goitiogemc, giien to one patient m the absence of h}per- 
thyroidism it pioduced an acute In pei plastic goitei similar to that en- 
counteied m a patient tollowing thiocyanate thciap) Thiouiacil also in- 
ci eases hypeiplasia m tlie patient sufteimg tiom hyperthyioidism From 
an anatomic point of view theielore, it enhances the primary anatomic 
change of the disease Iodine m contiast leveises the disease anatomicall} 
by inducing involution An anatomic leieisal similai to that of iodine would 
seem moie likely to pioduce peimanent lelief as a means ot medical treatment 

Ideall}’’, having blocked the foimation of th}ioid hoimone with thiouiacil. 
It would be advantageous to pioduce i egression of the lesultant anatomical 
changes by the use of thyioid or iodine as a piehminaiy to opeiation This 
has not been done in enough cases, as } et to pei mit a i epoi t as to its 
usefulness 

In 1 eciii 1 ent th) i otoxicosis one must beai in mind that the increased 
casculaiity of the gland may be especiall} tioublesome, woiking in a 
scaried field In any case the suigeon must use caie and caution in his 
opeiation as the h}peiplasia and vasculai it}'- of the gland may render a 
huiiiedly done pioceduie unnecessaiily bloody 

SUMMARY AND CONCLUSIONS 

1 Thiouiacil has been administeied to 53 thyiotoxic patients as a prepara- 
tion foi thyroidectomy Of these 34 have come to operation and been 
follow'ed long enough to foim the basis of this study Of these 34, 26 
have leceived thiouracil as the onh jnepaiative drug 

2 Thiouiacil IS supeiioi to iodine as a pieparation foi thyi oidectomy 

168 



Aoliimo IJO 
Number 2 


IHIOUR^CIL IN THYROIDECTOMY 


because, regaidless of the degiee of elevation of the metabolic rate prior 
to therapy, it mil bung the patient to opeiation with a normal metabolic rate 

3 The histologic cliange accompanjnng this Ion eiing of the basal metabolic 
rate is an intensification of the hypeiplasia seen m thyiotoxicosis Thiouracil 
produces an hypei plastic but nonfunctioning goiter 

4 An occasional disadvantage of the use of thiouiacil in preparing 
patients foi suigei} lies m the fact that this Inpeiplasia is accompanied by 
an inci eased \asculaiity and fiiabiliti which makes the gland moie difficult 
to handle and lendeis hemostasis aidnotis 

5 The inci eased vasculaiity is especially tioublesome if the patient has 
had a previous th} i oidectomy 

6 Preliminary, oi concomitant, iodine adinimstiation delays the thio- 
riacil response, it is possible but not yet pi oven that iodine therapy 
subsequent to thiouiacil tieatment may play a useful lole m i educing 
hyperplasia and vasculaiity 

7 Toxicity not unlike that ol the sulfonamides may be expected to 
occui when ti eating patients with thiouiacil 

8 Thiouracil, while an impioiement ovei iodine as a means of piepanng 
patients foi siirgeiy, is not yet the ideal ding foi this puipose because it 
mci eases the histologic abnoinialit} of the disease, because it affects only 
the production of hormone and not the underlying etiology of hyper- 
th 3 roidism, because surgei} ma) be lendeied more difficult by it, and 
because disturbing e\ idences of toxicity may become manifest 
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SUBTOTAL GASTRECTOMY FOR DUODENAL ULCER* 
Ralph Colp, M D , Percy Klingenstein, M D , Sigmund Mage, M D , 

AND 

Leonard J Druckerjian, M D 
York, X Y 

FROM THE SURGICAL SCRVICn or Tin MOUNT SINAI HOSI’IT \L NFW TORE CITT N T 

It is inevitable m the treatment of any disease that certain progressive 
changes are bound to occui with the accumulation of experience On July 
I, 1937, a new group of surgeons was delegated to care for ward patients 
suffering from peptic ulcer In the course of the ensuing six }ears, certain 
modifications were gradually e\olved in preoperative management, anesthesia, 
operative technic and postoperative care The ultimate aim of these inno- 
vations was the diminution of the morbidity and mortality incident to the 
surgical therapy of duodenal ulcei In an effort to determine the efficac} 
or failure of these changes, a detailed study was made of the records of all 
ward patients upon v horn a subtotal gastrectomy was performed for duodenal 
ulcer It was possible for comparative purposes to divide these cases into 
two series Series A 79 patients (July i 1937 to June 30, 1940) , and 
Series B 94 patients (Tuly i, 1940 to June 30, 1943) 

It is granted that duodenal ulcei , in its mcipiencx is not a surgical problem 
It only becomes one vhen certain complications occur vhich do not respond 
to medical therap) These are, excluding acute perforation, the failure of 
repeated medical “cures” to relieve persistent pain, severe and recurrent 
hemorrhages, and intractable pyloric 01 duodenal stenosis All patients in 
this series presented one 01 more ot these complications but no patient vas 
operated upon without the appioval of an internist or gastro-entei ologist 

HISTOin 

The ulcer symptoms had been present in the majority ot patients tor 
many years This is readily appreciated in reviewing Table I 
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•Approximate iear& dutation 

a \ ears 5 > ear& 

1 0 \ ear!. 

1 3 \ ears 

20 \ e II 

^timber of CTt. 2 s » 

S •> 51 

34 

21 

14 


The chronicitj of the disease maj be seen In a brief statistical stud) ot 
the symptomatolog)^ listed in Table II 

This senes of 173 cases was further divided, mainly on a basis of the 
history, into the following three groups 

'■ Reid before The Siiigiial Section Xcm \oik \cTdemi ot Vredicinc, Vfai I044 
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Table II 

SUMM\R\ OF IMPORTANT F \CTS JN BISTORT 

Intractable pain ]S6 

One or more episodes of hemorrhage 7-5 

E\ idence of obstruction as shown by repeated vomiting morning gastric reten- 
tion of more than 500 cc , or 50% residue of barium in sit hours SO 

Patients with previous hospital admission for medical therapj of ulcer "8 

Patients with previous hospital admission for perforation of ulcer 26 


Group A Patients with intractable pain, unrelieved by repeated medical 
treatment, many of whom had one or more hospital admissions for an ulcer 
“cure ” The majority had had episodes of gastro-intestinal bleeding, and not 
a few were suffering from the effects of pyloric or duodenal obstruction 
Group B Patients wnth actively bleeding ulcers This group was com- 
posed of those who enteied the hospital during or wnthm a week of severe 
gastro-intestinal hemorrhage, and in w'hom the hemoglobin was below 6o 
per cent (Sahli) Only one patient was operated upon during the acute 
phase of a massive hemorrhage, the remainder w'ere explored when the 
bleeding had apparently ceased This group did not include patients w'ho 
described several episodes of bleeding, but w'ho entered the hospital in the 
interim, nor those wdio subsequently were readmitted for surgery after con- 
\alescence from a previous exsanguinating hemorrhage These cases,* when 
operated upon, w^ere placed m Group A 

Group C This group comprised those patients m whom an acute per- 
forated duodenal ulcer had previously been sutured, and m w horn a recui rence 
of active ulcer disease or mechanical obstruction had developed 

The relation of sex and age m these three groups is given in Table Til 


Table III 

ANALTSlS OF AGE AND SEX IN SUBGROUPS 

Sex \geB 



Duodenal ulcer 115 cases 

Male 

94 

Female 

21 

10-19 

0 

20-29 

12 

30-39 

27 

40-49 

42 

50-59 

34 

60 plu' 
0 

B 

Bleeding duodenal ulcer 32 cases 

31 

I 

0 

6 

7 

13 

3 

3 

C 

Previously perforated duodenal ulcer 

26 cases 

25 

1 

1 

3 

s 

8 

5 

1 


Total 173 cases 

150 

25 

1 

21 

42 

63 

42 

4 


PHYSICAL EXAMINATION AND LABORATORY DATA 
A general physical examination was made b\ a member of the surgical 
staff, and an internist especially assigned to the w^ard surgical service for this 
purpose The physical findings w^ere variable Evidences of recent weight 
loss and deh}’'dration were found in those who had stiff eied the effects of 
intractable pam and pyloric obstruction A slight anemia was present m 
most patients Some patients m whom the bleeding had been severe w'ere 
quite pale, shownng definite clinical evidence of recent pronounced blood loss , 
however, it w'as rather interesting that in ten cases the hemoglobin was over 
TOO pel cent The association of polycythemia and duodenal ulcer has fre- 
qiienth been mentioned 
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Chemical examination of the blood was routinely made for evidences of 
azotemia, hypoprotememia and alkalosis In two cases only, in ^vhlch vomit- 
ing had been seveie and proti acted, \\ere the clinical signs of alkalosis, as 
evidenced by tetany, readily discernible However, the blood examinations 
revealed definite chemical evidences of alkalosis in seven other patients This 
small number piobably does not repiesent a true index of the frequency of 
this comiDlication, foi m this senes adequate parenteial theiapy A\as insti- 
tuted frequently before the blood was drawn for chemical determinations 
Varying degrees of azotemia and liA^poproteinemia were present in many 
patients 

An increase above noimal in the free and total acidity was uniformly 
obseived m the Rehfuss test meals and in the examinations of the night- 
fasting gastiic contents Gastiic analysis after the administration of insulin 
was done on a few' patients m whom vagotomy was anticipated as a comple- 
mentaiy pioceduie to subtotal gastiectomy 

Fluoioscopic and i oentgenologic examinations were peifoimed before or 
during hospital admission The characteiistic finding was a deformity of 
the duodenal bulb and occasionally an ulcei crater Appieciable gastric 
letention of baiium was found in 51 cases, but this 1 oentgenologic finding 
was not always confirmed b}' the clinical evidences of retention Gas- 
tioscopic examinations in patients sufi-eimg fiom duodenal ulcer were found 
to be of no diiect value 


nRi:OPEUATI\ E PUEPAR VTION 

The majont} ot these waid patients who had suffered foi man} }ears 
from the devitali/ing effect of chronic recuiient ulcei ation weie in exceedingl} 
poor general condition Many show'ed the effects of seveie physicochemical 
imbalances the lesults of inadequate nutiition, intractable pain, persistent 
vomiting, 01 bleeding As a gi onp, these patients w ei e ob\ lously poor opei a- 
tne iisks, and, theiefore, lequiied caieful pieopeiatne pi epai ation 

All patients weie guen a peiiod ol complete bedieSt M'henevei possible 
a high piotein diet was piesciibed, and essential vitamins weie administeied 
01 ally 01 paienteially Pain was conti oiled with mild sedatives, aluminum 
hydroxide, ati opine, fiequent bland feedings and, occasionally, the milk 01 
amphojel diip, as advocated by Winkelstein, Cornell and Hollander - 
Anemic patients weie given repeated tiansfiisions of whole blood until the 
hemoglobin w'as laised to aboAe 80 per cent Every patient leceived a daily 
intiavenous infusion of 1500 cc of saline and glucose Tins was increased 
to about 4000 cc if vomiting had been a prominent symptom and a negative 
oral fluid balance existed because of i^yloiic obstiuction In these cases, the 
dilated atonic stomach with its stagnant contents was lavaged morning and 
evening with hot w'ater through a large gastric tube The importance of these 
lavages cannot be overemphasized As a rule the inflammatory reaction about 
the duodenum 01 spasm of the pylorus subsided sufficiently so that gastro- 
intestinal continuity was lestored wnth the cessation of vomiting, a marked 
diminution m pain and a general clinical improvement of the patient 
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Hypoprotememia, which was not infrequent, usually responded to a 
high protein diet If this was not feasible, plasma and blood transfusions, often 
supplemented by the mtiavenous use of ammo-acids, elevated the lowered 
blood proteins to approximately normal levels A preliminary jej unostomy 
foi alimentation was peifoimed m two patients suftering from pyloric 
obstruction, hypopi otememia and alkalosis, who had failed to improve undei 
conseuative medical management Their i espouse to jejunal alimentation 
was immediate and sti iking, foi within a shoit time gastioduodenal con- 
tinuit) was lestored and the chemical imbalances w^ere coriected Subsequent 
subtotal gastiectoinj was followed by uneventful recovery 

Twenty cases weie tieated preoperatively with therapeutic doses of 
desoxycorticosteione. but as no definite benefits w^ere noted empirically, its 
use w'as discontinued Sulfonamides w^eie not used preoperatively 

anesthesia 

Inhalation anesthesias of vaiious types were admnnsteied dining the fiist 
three years During the second thiee years, continuous spinal anesthesia 
w'as used, with evei incieasmg fiequency The total dosage injected w^as about 
200 nig of piocaine hydrochloiide Patients who w^ere unduly apprehensive, 
or otherwnse uncoopei ative, were given small doses of pentothal sodium 
intravenously Continuous spinal anesthesia provided such excellent relaxa- 
tion that adequate exposuie was obtained wnth relatively few' mtra-abdomnial 
packings and little letraction Unfortunateh , however, it did not diniinish 
the incidence of pulnionai} complications, which still contribute, in large part, 
to the moibidity and mortality of the opeiation 

OPERATIVE PROCEDURE 

The incision legularly employed was midepigastric, extending from the 
ensiform caitilage to the umbilicus This w'as found to give adequate 
exposure in most cases In a few' especially obese patients, a right subcostal 
incision from the ensiform to the tip of the eleventh rib provided better 
access to the duodenum 

The operation of choice for duodenal ulcer in this clinic is still subtotal 
gastrectomy of the Billroth Il-type It is felt that this operation affords lelief 
of symptoms in most cases, and is follow'ed by the minimal incidence of 
recuirent gastiojejunal ulceiation But this operation is a complicated 
technical proceduie which is often extiemely difficult even in the hands 
of the moie expeiienced It is ceitainly not applicable to all patients 
suffering fiom chiomc recuiient duodenal ulceiation It w'as contraindicated 
usually in those w hose genei al poor condition did not respond to preoperative 
supportive treatment, m those who w'ere extremely obese, in those w’ho had 
passed the age of 65, and m those afflicted w'lth severe cardiac disease or 
chronic nephiitis In these cases, a gastro-enterostomy w'as performed In 
the six-yeai peiiod, in which 223 patients w'eie explored foi chronic recurrent 
duodenal ulcer, a gasti o-enterostom} was perfoimed upon 48 patients, a 
pjdoroplast} upon two patients, and a subtotal gastrectonn upon 173 patients 
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Table IV 

CHOICE OF OPERATIONS 

Number Per Cent 

Totnl chronic duoden-il ulcers operated upon 221 

Subtotal gastrectomt . 1 “ ti 

Posterior gastro enterostomi 4 fi , 

P\lorop1ast> 2 no 

Initiall}^ the method of gastric resection, developed by Berg’ and 
Leivisohn,"* was followed Gradually, however, definitive departures m tech- 
nic Mere made These muII be only briefly described After ligating the 
foil! caidmal arteries at appropriate points the stomach M'as transected 
proximal to the reentiant angle betM^een a double layer of clips, laid down 
Mith the DePetz seMing machine The distal gastric segment M'as turned to 
the right and the duodenum was carefully mobilized and dnided bj the 
open method, removing the ulcei M'-henever possible and practical This 
frequentl} piesented difficulties u'hen the ulcei M'as extensive and the 
surrounding tissues M'ere edematous, brav'ny and friable, oi M'hen the 
lesion penetiated deepl} into the pancreas, oi occupied the second portion 
of the duodenum 


Tvble \ 

P\THOLO^^ 


LocTtiou ■'lumber 

\ntenor wall (superior) 104 

Posterior wall 48 

Kissing type (anterior and posterior walls) ! •• 

Second portion of duodenum ' 


We do not feel that excision of the ulcei is an essential part of this 
procedure provided the pyloius is relno^d (This M'as not undertaken 
m three cases in mIucIi a prepyloiic “mischultinig” was performed) In 
the present series of 173 cases, 102 resected specimens Mere found to contain 
the ulcer M'hen examined by the pathologist With the complete side-ti acking 
of the acid gastiic contents any ulcei in the isolated duodenum, bathed in 
its alkaline secretions will heal completely Recurrence of an ulcei in the 
duodenal stump is practically unknoM'n Furthermore, Mage,"’ in a caie- 
fully conducted follow-up study of patients who had had a pievious subtotal 
gastrectomy, concluded that lecurrent gastiojejunal ulcei ation was no more 
frequent in those patients in whom duodenal ulcer was left v.i situ than m those 
in whom it M'as excised 

The gieat hazard of subtotal gastrectomy centers about the successful 
closure of the transected duodenum The initial chromic Connell inversion 
suture M'as leinforced M'lth interrupted linen Lembert sutures An attempt 
was made to bring the stump of the divided pyloric artery over the superior 
angle of the sutured duodenum, and the stump of the divided gastro-epiploic 
artery over the inferior angle The closed duodenum m as then buried against 
the head of the pancreas with interrupted plain catgut sutures. 

Drainage of the duodenal stump has been used with greater frequency 
during the past three years because of the possibility of a duodenal dehiscence 
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It has become routine m almost all cases m which the security of the duodenal 
closure was questioned A rubber dam, introduced thiough a right sub- 
costal stab incision, ^\as sutured uith plain catgut to the duodenal stump For 
.1 time, ten giams of sulfanilamide weie deposited ni this aiea, but this 
procedure has been abandoned 

Following lesection, gasti o-mtestinal contmuit} was established at fiist 
b} the usual retiocohc teimmolateial gasti ojejunostom\ of the Hoftmeistei- 
type During the past three yeais this isoperistaltic anastomosis has been 
made antcuoi to the colon utilizing a shoit pioximal loop of jejunum, about 
six inches long In an extensne and caieful follow-up no difterences have 
been noted in the functioning of the anteiioi anastomosis as compared with 
the posterior anastomosis e Inne been impiessed with the simpliciD 
and advantages of the antecohc gasti ojejunostom} It has made the operation 
somewhat easiei and has eliminated the incision m the tiansverse mesocolon 
which caused difficult} in six patients in whom the mesocolon was short 
It subsequent gastrojejunal ulceiation should develop at the site of this 
anterioi anastomosis (which has not }et occuiied in this senes) secondarj 
lesection of the jejunum and stomach would ceitainl} be less complicated 
There is less possibiht} ot the anastomotic iilcei penetiating into the colon 
and no possibiht} of injun to the middle colic aitery m secondar} opeiative 
procedures 

If, at the time of exploiation. the stomach was maikedly atonic and 
dilated, oi if an appreciable letention has been piesent piior to operation, 
01 if the duodenal closuie was difficult and dehiscence of the suture line was 
a possibiht}, a complementar} jejunostomy of the Kader-Stam type was per- 
formed foi alimentation This permitted feeding of a special pabulum con- 
taining all essential foods vitamins, and electrol}tes within 24 hours after 
operation, and resulted m the early curtailment of parenteral feeding If 
a duodenal fistula developed, the drainage, if piofuse, was immediatelN 
aspiiated b} continuous suction using the Stedman pump, thereby protecting 
the skin fiom the ravages of pancieatic digestion The aspirated material 
containing intestinal, pancreatic, and biliary secretions w'as subsequent!} 
introduced through the jejunostomy tube In some cases of gastric atony 
m w'hich the drainage from the indwelling Levin tube was excessive and 
prolonged the instillation of the acid gastric secietion into the jejunostomy 
aided in the pre^entlon of alkalosis A complete discussion on the advan- 

T\BLn VI 




Stgr -f 

Stga 1 

Jejunostomx 

Drainage 





Comp 

Prel 

Sup t 

"Ves 

Xo 


Duodenal ulcer 

27 

88 

24 

1 

0 

66 

49 

B 

Bleeding duodenal ulcer 

n 

21 

2 

1 

1 

19 

13 

C 

Prenouslj perforated duodenal ulcer 

9 

17 

6 

0 

1 

16 

10 



47 

126 

32 

2 

2 

101 

72 


* Subtotal gastrectomy vuth retrocolic terinmolateral gastrojejunostomj 
t Subtotal gastrectomy with antecohc terminolateral gastrojejunostomy 
t Complementarj prehminarj supplementarj 
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tages of jejunostomy for alimentation has been described elsewhere® Table 
VI lists the type of gastro-enteric anastomosis, the institution of drainage, 
and the use of jejunostomy in each of the three groups 

After the operation has been completed, the median epigastric incision 
uas closed with heavy silk sutuies passed thiough all the layers of the 
abdominal uall This type of closuie can be effected rapidly, and wound 
dehiscence, ^\lth evisceiation, which was formerly fiequent in inidhne 
incisions, has been piactically eliminated This type of closuie, how'ever, 
IS accompanied b} an appieciable numbei ot postoperative herniae 

POSTOPERATIVn COURSE VND COMPLICATIONS 

Postopeiatively, a Levin tube was left indwelling and an intravenous 
infusion of saline and glucose, wdnch was given throughout tlie operation, 
w^as continued If theie was moderate blood loss oi any degree of shock, 
the patient w^as tiansfused Oial fluids in small amounts weie allowed wnthin 
24 hours aftei opeiation Sulfonamides were not administeied routinely 
The Levin tube w'as usually lemoved about the thud day, unless signs of 
gastiic retention W'eie evident Adequate sedation w'as administeied The 
patients weie encouiaged to mo\e about The thiough-and-thiough sutuies 
were removed m ten dajs, at which time patients weie pei nutted out of bed 
Theie weie no instances of immediate postopei ative hemorihage Two 
patients experienced a small hematemesis about the tenth day, but this 
W'as easil)'' controlled watli conseivative measuies 

Difficulties in gastiic emptying weie not unusual, but m the majoiity 
of patients these w'eie tiansitoiy and without significance A seveie gastric 
atony occuiied in tliiee cases in w'hich a complementaiy jejunostomy had 
not been undertaken In one patient, an enteio-anastomosis w^as perfoimed 
14 days after the piimary opeiation, wuthout relief of the gastiic ileus Sub- 
sequent postmortem examination failed to disclose any mechanical reason foi 
the vomiting and alkalosis This case impiessed us wnth the seriousness of 
this complication, and was the reason foi the subsequent frequent institution 
of complementary and supplementary jejunostomy foi alimentation in indi- 
cated cases In two othei patients sufTering fiom gastric atony, a supple- 
inentaiy jejunostomy, because of an alkalosis, was perfoimed w'lthm a w'eek 
of the piimary opeiation, and lecoveiy w^as uneventful 

Physical signs of a localized peiilonitis were occasionally present in the 
light uppei quadrant of the abdomen, and in some, a mass eventually became 
palpable This was due piobably to an niflaininatoiy exudate about the 
duodenum and panel eatic head In the majority of cases this subsided 
spontaneously, but in twm patients an incision and drainage of an abscess 
became necessary How^evei, if the entne abdomen was tender and rigid, 
a general peiitonitis aiismg fiom duodenal dehiscence w^as suspected A 
duodenal leak w^as usually a fatal complication if the duodenal stump had 
not been drained It almost inevitably lesulted in a geneialized peritonitis, 
a subhepatic abscess, 01 a light pi left subphrenic abscess The small 
subhepatic collections w^eie usually absoibed spontaneously, but once a 
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Table VII A 

‘VNAL\S1S OF DEATHS IN SUBGROUPS 



No of 
Cases 

Senes A 

No of 
Deaths 

Cause of Death 

Mortality 

Rate 

Duodeml ulcci 

48 

1 

1 1 ) Cerebral thrombosis 


Bleeding duodenal ulcei 

16 

4 

(21 Generalized peritonitis 

(4') Altalosis 

(1) Duodenal dehiscence 

6 25% 

Previously perforated duodenal ulcer 

1-. 

2 

Generalized peritonitis 18 75% 

(2) Hemorrhagic bronchopneumonia 

(3) Subphrenic and subhepatic 

abscesses 

(1) Massive atelectasis 

Total 

76 

8 

(2) Pneumonia after drainage of 
subphrenic abscess 

n 33% 

10 13% 


Table VII B 

\1 ysis or DEATHS IN SUBGROUI S 

Senes B 

No of No of 

Cases Deaths Cause of Death 

Mortality 

Rate 

Duodenal ulcer 

67 

1 

(1) Hepatitis and pneumonia 


Bleeding duodenal ulcer 

16 

1 

(2) Pulmonary embolism 

(3) Diffuse bronchopneumonia 
(1) Duodenal dehiscence 

4 48% 

6 25% 

Pre\ lously perforated duodenal ulcer 

It 

0 

Subhepatic abscess 

0 

TotaV 

94 

4 


4 26% 


Senes B (July i. 1940 to June 30, 1943) In Senes A death was the 
eventual lesult of a duodenal leak in four cases, while in Series B this 
complication occuiied in only one instance The improvement was un- 
doubtedly due in part to the increased skill of the operators in effectively 
mobilizing the duodenum so that its closuie was more secure Then, too, 
the widei use of diainage piobably acted as a safety vent m those cases in 
which a duodenal dehiscence developed If these cases had not been drained, 
a fatal geneiahzed peritonitis might have resulted This contention is 
furthei illustiated m the analysis of the causes of death m those patients 
who had had a previously peifoiated duodenal ulcer (Group 3, Table VII) 
In these secondary cases, the duodenum was fibrosed, distorted, and sur- 
rounded by firm dense adhesions Mobilization was difficult, and closure 
was even more difficult The fact that no deaths occuired in this group in 
which drainage was liberally used might be a commendation for this innovation 

The use of jej unostomy for alimentation both as a complementary and 
supplementary proceduie, undoubtedly prevented and corrected many of 
the physical and chemical imbalances incident to postoperative gastric aton} 
and alkalosis In the past, these seiious and untoward complications have 
often contributed materially to the morbiditv ana mortality of gastric and 
duodenal surgery 

Spinal anesthesia provided better relaxation, and this, combined with the 
antecohc type of gastrojejunostomy, simplified the technical aspects of the 
entire operative procedure It is to be noted in Table IX that the lowered 
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Initials Se\ 

455130 56 

Female 

437484 c, 

Mai 

4^2792 4j 

^ ® Female 
«487i 55 

k’A" “ 

^ ^ Male 
433621 46 

438885 48 

° ® AlaJe 

“s" ® 

® MuJe 
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Table Vlii a 

®^<^t:ASED CASES-C 

SES— series a 


I^iagnosis 

s-,.,.:~ s=-£=-..s=' S~==':. 

S»b,oM Earned 

f ' ®rtm-€th lene c;..k. ' ^ O ) 

_ ‘•■ectomy ,,,,u ®“I>totalea«- r> ,. 

^pt;sr £r""“--»rr' 

lomy xv^ Subtotal gastr.^. , ”'‘'® days p n? 

duodenal Ulcer "”'""°'''=«"^«fomos,s' ^‘electas.s P„ea. 

Subio,., |'°> “ '’«■ 

»»«=«! , .t""" SSs‘“”‘' 

aSTin’'‘”“Sr„r ”■•'■ 

xxitho^.- . eastrivNb 


Age 

arTrf 

Initials sS 

«5833 58 

Mai 


I^iaenosis 
duodenal ulcer 


rr 

® Male 

fif' 

^ Male 
42 

® Male 


I^nodenal ulcer r- 
‘'alhynerfo 

ypertension 
Duodenal ulcer 


Continuous , CPoi-ation ip Cause of Death 
ti-ectomj, Subtotal gas, „ °®‘"’°''‘oni Findings) 

mosis n nntecohc anatf ^^Patitis and r, ^ 

'TOomrmS,”' ®"'’">">lsas- p 

Intraper?f"‘^°'''' '*”nsto- Bm"’ embolism 

"'-''--cluodena, Ulcer ^^-nchopneumonia 

tomy ,vif j, Eastrec- n l 

t.™„« 

"'tis (healing) 

^'^-ess Died34 dai 3 ?S'^ 


Mort°/,5^"® 


^ntecohc tj pe^of ®tump 

^etrocohc tjpe o/®®^'’°Jejunostomv 


‘'“'^nARisON 

^«E statistics,^ , 

^l^-RIES A AMD B 

•^^tes A. 

Jnlj’ I 1937 to 
June 30, 1940 


79 
S 

10 13 

29 

35 

44 

4 

16 

63 


•Series B 
1940 to 
June 30, 1945 
94 
4 
4 
72 
91 
3 
32 
84 
10 


26 
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mortality in the second group may be asciibed in part to spinal anesthesia, 
the wider use of drainage of the duodenum, the antecohc type of anastomosis^ 
and the frequent employment of jej unostomy for alimentation 

When the mortalities of the three groups are considered individually 
(Table VII A and B), it is found to be highest in the bleeding ulcers In 
Series A the mortality was i8 75 per cent Sixteen patients were explored 
as soon as blood and plasma tiansfusions had elevated the hemoglobin 
increased the number of red blood cells and laised the blood piessure There 
N\eie tliree deaths Apparently the impoveiished tissues of the body vere 
slow to lecovei from the leceiit effects of anoxemia so that healing was im- 
paiied, a dehiscence of the stump uas more likely and pulinonaiy complications 
were more frequent 

In Series B, an equal numbei of patients weie operated upon with one 
death, a mortality rate of 625 pei cent These patients were not explored 
until three to four weeks had elapsed following hemorrhage, and they had 
partially recuperated from the geneial systemic effects of their blood loss 
In the future, all patients suffering fiom bleeding duodenal ulcer will be 
dischaiged from the hospital if possible, for convalescent care and radical 
surgeiy imII be peifoinied onl)^ when their general condition has approxi- 
mated noimal This conseiwative attitude in the tieatment of bleeding 
ulcer may be criticized by those who advocate early operation, fiequently 
within 48 hours in those patients ovei 45 years of age However, we 
agree with the conclusions of Crohn and Lerner" that, by and large, better 
lesults will be obtained in acute hemorrhage if these patients are treated 
medically duiing the acute phase Radical surgery may then be subse- 
quently performed when bleeding has ceased and the patients have fully 
recovered from the general effects of exsanguinating hemorihage 

The problem of pneumonia is still apparently unsolved The use of 
sulfonamide drugs and judicious application of bronchoscopy have undoubtedl} 
lowered moitality fiom this complication, but pneumonia still seems to be 
an unavoidable and, only too often, fatal complication of upper abdominal 


surgery 
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HEMOSTASIS WITH ABSORBABLE GAUZE* 

(oxidized cellulose) 

Virginia Kneeland Filwtz, M D , Hans T Clarke, D Sc , 

AND 

Raffaele Lattes, M D 
New York, N Y 

FROM THE Drp\RTMENTS OF SURGER\ AND BIOCHFMISTRV, 

COLLEGE OF PH-iSICIANS .VND SURGEONS, COtmiBlA UMVERSIT\, N PM ^ORIC N \ 

A preliminary REPORr of oul observations of tissue leactions to oxidized 
celluloseT appeared in the Annals or Surgery in July, 1943 This repre- 
sented experimental work undertaken in 1941, and the results agreed with 
those of Ingiaham and Bailey, repoited in 1944, who checked the tissue 
reactions and compared them to those obtained v ith fibrin foam 

In the same issue of the Annals Di Tiacy J Putnam reported his 
clinical use of the material as a cariiei foi thiombin to secuie hemostasis 
m neurosuigery At that time fuithei investigation was planned to determine 
the degree of oxidation, ? e , peicentage of caiboxyl gioups, yielding the most 
satisfactor)' product for clinical use and a leliable method for stei ilization of 
the material, which does not withstand the piocess in the autoclave At the 
moment of wanting, the gauze supplied foi clinical investigation contains ap- 
proximately 13 5-15 8 per cent COOH. and is submitted, doubl} packaged, 
in glassine envelopes aftei foimaldehyde stei ilization, wLich has been checked 
aerobically and anaei obically, and wdiich does not leave sufficient trace of 
formaldehyde to rendei the mateiial in Rating on this account Cotton 
pledgets, similarly packaged, contain 10-12 5 per cent COOH 

When the relatively noniri Rating nature of the cellulose had been estab- 
lished, and It had been shown that, 111 small amounts at least, it w^as absorbed 
m varying lengths of time from different tissues, there was an immediate 
demand foi the release of the gauze for clinical use in cases of hemorrhage 
w'here hemostasis could not be secuied by ligature 01 other methods, and 
wffiere ordinary gauze packing, w Rh all the w''ell known difficulties of subsequent 
removal, had to be used as a last resort There w^ere many suggestions offered 
as to use of the material in traumatic surgery, naturally, wnth military 
necessity in mind, wffiere packing of wounds wath ordinary gauze, used for 

* The work described m this paper w^as done under a contract, recommended by the 
Committee on Medical Research, between the Office of -Scientific Research and Develop- 
ment and Columbia Umversitj 

t The gauze and cotton were supplied bj' Eastman Kodak Research Laboratories, 
Rochester, N Y (U S Pat No 2,232,990), through Parke, Davis &. Compam, 
Detroit, Michigan 

Submitted for publication June 10, 1944 
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hemostasis, had so often resulted m sealing-up of deep contamination, ,with 
resulting serious wound infection 

Accordingly, a senes of experiments were undertaken to reproduce, as 
nearly as possible, lacerated bleeding wounds such as those which in clinical 
practice might necessitate gauze packing No adjuvant to promote clotting 
was used, and no immediate effect was expected other than cessation of bleed- 
ing inherently due to the piesence of the packing Standard procedures were 
worked out, after trial and erroi, in which the type and extent of bleeding 



Fig I — Photomicrograph showing oxidized gauze in experimental wound of lvjdne> 48 
hours after packing The gauze is closely applied to the wound surfaces (Low power ) 


could be anticipated, and in which the effectiveness of packing could be 
estimated This estimation was, needless to say, based not on any measuring 
or timing, but on clinical impression With repeated observations, however 
certain unexpected findings were established 

1 The oxidized gauze was easier to pack into a bleeding wound than 
ordinary gauze It seemed more pliable, and, when wet with blood, slightly 
sticky 

2 The oxidized gauze, used dry, was observed to swell when saturated 
with blood, and this was a second factor which facilitated packing— the gauze 
easily filling all the irregular crevices in the wound (Fig i) 

3 The combination of blood and oxidized gauze resulted almost im- 
mediately in a dark-bronn or black mass and as soon as this discoloration 
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occurred bleeding usually ceased (The alfinit} ot the oxidi/ed mateiial loi 
hemoglobin and its eftect on this may be seen b} immersing a strip of gauze 
in a test tube of dilute laked blood Almost immediately the hemoglobin is 
drawn into the gaitze turning blown, and leaving the solution colorless 
(Fig 2) 

4 The hemostatic eftect appears to depend not on clotting wnthm the 
meshes of the gauze but on the svcellmg of the 

material and its sticky clmactei w'hen blood- 
',oaked, so that the packing itself takes the 
place of clot We have not studied ain pos- 
Mble dll ect eftect on the clotting pi ocess 

5 Neutralization of the mateiial with cal- 
cium acetate resulted in the loss of the abo\c 




properties rendering it less eftectn e as an < >. 

hemostatic 

6 As earh as 24 houis attei packing the 
oxidized gauze was so triable that it bioke 
w hen an attempt w as made to w ithdi aw it in 
contrast to oidman gauze wdnch could be 
withdiawn but which in clean wounds espe- 
ciall}, was usuall} stuck so that foice was 
necessan foi withdiawal With oidinan 
gauze rem0\al wa^ apt to be tollowed b\ 
bleeding, sometimes lequinng secondai} pack- 
ing With oxidized gauze b} 48 lioui s in an 
open wound, the gelatinous mass of brow'ii 
material which repiesented the blood-soaked 
packing could be gently sciaped aw'a} from 
the wmund surface without renewal of bleed- , , 

lie _ — Pbototripli showing OMdized 
ing (Flfif ■? ) 2iu/t in diluti, hked blood — right, con 

^ ^ ' trol without giuze— left The control 

7 Oxidized gauze e\en \ihen not ab- "is red The gnu/e w is brown 

° md the supernitint fluid ilniost color 

sorbed eaih was not invaded by repaiative 

tissue The foieign boch theiefoie was not incoipoiated in scai to ain 
extent, and scarring w'as minimal 

8 In serous cavities wdiere a lelativel} large single mass of material is 
sui rounded bA serous membrane, c}sts are sometimes foimed These 
apparently can CAentually resorb and have been m general small not 
proportional to the amount of gauze used Such cysts ha\e not been obsenecl 
m solid viscera or the supporting tissues — connective tissue, muscle, bone 
(The work on seious cavities is not complete as regaids the stud} of adhesions 
but is reported here to illustrate the tissue reaction to large amounts ot gauze) 

The obsen^ations summarized above aie based on experiments in wFich the 
wounds w'ere made with the animals undei general anesthesia and wath 
aseptic precautions 


I81 


1 K'\i\l/, Cl ‘\RKh \ND LM I ES 


\nnal8 of Surger> 
August :n44 


22014 

(j\u/i Packing — (8 Hours 



Oxidized Giuze Plain Gauze 

(Originally same size — lo cm sq folded) 

Tig 3 — Gauze packing withdrawn from experimental wounls 
of kidnej after 48 hours The oxidized gauze was black and 
friable The plain gauze was stained with bright red blood 

220s 3 

Wounds of Lift Kioxfi — 5 Daxs 

Upper Pole Loner Pole 

fiuize — Oxidizid Gauze — Plain 

(T Hours) 



Hilus 

Fig 4 — Autopsj specimen, fixe da>s after operation See Table I, 
S P 22053 At four da>s an attempt had been made to remoxe both packings 
The oxidized gauze (Eastman OR 1352 B, y hour oxidation sample 13 S 13 S 
per cent COOH) xvas too friable to be xxithdraxvn completely Through an 
error, only one of the two strips of plain gauze was xxithdrawn No bleeding 
occurred Txveiitx four hours later the animal xvas sacrificed The kidnej 
has been sectioned through the two wounds showing their size and the 
gauze packing On the com ex surface of the upper pole there is propen 
toneal fat 


184 


\olume 1-0 
Number 2 


HEMOSIASIS WITH ABSORBABLE GAUZE 


EXPERIMENTS WITH HEMOSTASIS MTLTH CLEAN WOUNDS OPEN 

{Kidney, Spleen, and Liver) 

The kidneys w ere delivered exti aperitoneally, through an oblique muscle- 
splitting incision in the flank Wounds vere made, as nearly as possible 
similar in the upper and lover poles, by an incision about i 5 cm m the 
capsule, vliich vas deepened by blunt dissection so that the medulla vas 
reached but the pelvis vas a\oided, and spin ting bleeding was obtained The 
wound m the upper pole was then packed with oxidized gauze, various 


Table I 

HEMOSTASIS IN OPEN WOUNDS OF \ ISCERA 
{Ortdtzcd Gauze — Eastman OR-ijss-B) 

Result 


SP No 


Time 

Animal 

Organ 

Postoper 

22020 

Dog 

Kidney 

24 hours 

22025 

Dog 

Kidney 

48 hours 

22059 

Dog 

Kidney 

48 hours 

22058 

Dog 

Kidney 

48 hours 

22021 

Dog 

Kidney 

52 hours 

22052 

Dog 

Kidney 

4 days 

22053 

Dog 

Kidney 

4 days 

22025 

Spleen 

48 hours 

Dog 


/ 

22058 

Dog 

Spleen 

48 hours 

22059 

Dog 

Spleen 

48 hours 

220‘8 

Dog 

Spleen 

48 hours 

22079 

Cat 

Spleen 

48 hours 

22061 

Dog 

Liv er 

24 hours 


0\idized Gauze 

Gelatinous Easily e\pressed No 
bleeding 

Gelatinous Scooped out Followed 
bj thm brow n fluid 
Disintegrated No free fluid No 
bleeding 

Disintegrated Came awa% with 
dressing, gush of thin brown fluid 
Gelatinous Loose in mouth of 
wound No fluid 

Gone from mouth of w ound Dress- 
ing dry 

Disintegrated Pressure Melded 
gelatinous fluid 

Negligible remnant (Infected 
w ound) No bleeding 
Gelatinous (Infected w ound) No 
bleeding 

Negligible remnant (Infected 
wound) No bleeding 
Loose in w ound No bleeding after 
remo\ al 

Gelatinous No bleeding 

Packing in place Crumbles No 
bleeding 


Control Gauze 

Stuck Bleeding after remoial 
Ceased spontaneously 
Stuck Bleeding after remotal 
Packed withoMdized gauze 
Stuck Bleeding after removal 
Packed w ith OMdized gauze 
Stuck Bleeding after removal 
Stopped spontaneouslj 
Did not control bleeding at oper- 
ation Oxidized gauze used 
Stuck Bleeding after removal 
Repacked with o-ndized gauze 
Stuck Onlj one strip removed 
No bleeding Second strip found 
at autopsy Sth day 
Stuck Bleeding after removal 
requiring repacking 
Stuck Bleeding after removal 
Animal voided blood Sacrificed 
Stuck Moderate bleeding after 
remov al Animal sacrificed 
Stuck Slight bleeding Animal 
sacrificed 

Stuck Slight bleeding Animal 

sacrificed 

Stuck Slight ooze Animal 
sacrificed 


samples, and the wound in the lower pole b} plain gauze (Fig 4) In one 
instance. No 22021, the kidney w^as badly tiaumatized at the lower pole and 
bleeding could not be controlled by packing wnth ordinary gauze Oxidized 
gauze was, therefore, used and hemostasis secured 

In the case of the spleen exteriorization w^as three times accomplished 
through a left lumbar incision at a secondary procedure after nephrectomy 
of a previously injured kidney These cases w^ere all infected Twnce a 
left rectus approach w^as used Only one exteriorization of the liver was 
performed in a sunnval animal, and this was accomplished through a trans- 
verse upper abdominal incision and the liver secured in the wound by tam- 
ponade Repeated obseivations, howeier, in anesthetized animals, w'ere made, 
just prior to death from overdose of anesthesia, of immediate control of 
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bleeding m all these viscera with various samples of material 
are noted in Table I 


The results 


experiments in hemostasis with clean wounds closed 
{Kidney, Spleen, Liver, Thyroid and Bone) 

Further investigation of the late effects on the tissue of trauma and 
packing were then undertaken ^The wounds were closed 

Kidney— TheL technic used for the kidney differed from that employed 
for open wounds only in that the approach was transpentoneal, through a 
left rectus incision, and the packing was not allowed to protiude from the 
Viscus, but was cut flush with the surface and a single marking black silk 
suture was tied loosel}’’ ovei it 

Spleen — The spleen was also delivered through a left rectus incision 
Wounds were then made by excising a rectangular piece of tissue approxi- 
matety 2 x l x o 3 cm from the uppei surface Bleeding was always brisk 
It was controlled by placing a 10 x 10 cm square of oxidized gauze, folded 
over the defect, and a sunilar folded sponge of the same material on the 
opposite surface, seeming the two by thi ough-and-through sutures of black 
silk This “sandvnch ’ type of packing controlled bleeding quickl}'^ The 
material used was Eastman OR-1352-B, 7-hour oxidation, and Parke, Davis 
Mo 098630, 5-6 houi oxidation, 13 5-15 8 per cent COOH The results are 
noted in Tables II and III 

Livei — Because of the difficulty of appioach and the anaerobic infections 
vhich occasionally occur in dogs following livei injuries, this organ \vas used 
only fi^e times Hemostasis was immediately satisfactorj^ in all five cases 
vihethei the gauze was packed into deep wounds in the parenchyma, or used 
as “sandwich” packing to staunch bleeding fiom a shallow surface defect 
Foul of the animals have come to autopsy, at 31 35, 3^, and 42 days, respec- 
tively There was one abscess m Avhich an hemolytic Staphylococcus aiiieus 
and C zvelchn were found on culture This was well walled-off, and there 
was no infection of the spleen wound m the same animal In all foui the gauze 
was entirely absorbed 

Thyi Old— Four cases have been studied The right lobe of the thyroid 
was split along the convex border, the wound was enlarged by blunt dissection 
and oxidized cotton, Paike, Davis No 098631, packed into the cavity from 
which bleeding was always brisk At two Aveeks the material had not been 
absorbed (Fig 10) At four, five, and six AAeeks the material Avas entire!} 
absorbed, and the injury was represented by a zone of characteristic 


phagocytes , , , r 

Bone —Experiments on bone are not complete, due to the length of time 

lequired for histologic preparation Defects have been made repeatedly in 
the radius and bleeding Avas quickly and easily controlled by packing, Avhich 
was made tight In such rigid-Avalled cavities the material could be made 
to fill the crevices almost like gutta percha Callus has been shoAvn in some 
cases roentgenologically, but complete data are not yet at hand 
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Animal 

22125 

Cat 

22155 

Dog 

22118 

^Qbbit 
22181 
Dog 
22248 
Dog 
22257 
Dog 
22220 
Dog 
22146 
Dog 
22191 
Dog 
22154 
Dog 

22256 
Dog 
22157 

22214 
Dog 
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EXPEHLMENTS WITH GAUZE SPONGES WRAPPED IN OMENTUM 

A sponge \vas made of a lo x lo cm square of oxidized gauze, and 
tins was placed on the sui face of the omentum In most instances the sponge 
was dry In a few cases it was fiist w'et wuth the animal’s blood The 
omentum was then folded over it and tacked in place with two marking silk 
sutuies The lesults aie noted in Table IV 

It wnll be seen fiom study of these tables that the time of absorption is 
vaiiable Theie aie seveial possible factois in this connection which may 
all opeiate togethei but wdiich may be discussed separately 

1 Amount of Material Since disappearance of the mateiial depends, 
at least in pait, on solution, laige amounts of gauze packed into small spaces 
might not leadily be penetrated by tissue fluids, and absoiption w^ould be 
delayed Penetiation by phagocytes would also be slow^er the greater the 
bulk of the foicigii body 

2 Degiee of Injuiy This is difficult to eialuate, but obviously the 
integiity of the ciiculation to the pait would influence rapidity of absorption 

3 Amount of Blood Present This would at least add to the bulk of 
mateiial to be absoibed 

4 Natuie of the Tissue This is illustrated by the fact that m the kidney 
consideiable delay w'as lepeatedly found, whereas, in tlie omentum, foi 
instance, absoiption was, in geneial, moie rapid This may possibly be 
lelated to the lower fin of the tissue fluids in the kidnej^s of laboiatoi}' 
animals (dogs and cats) On one deteimmation upon homogenized kidney 
tissue of a dog the fin m as 6 63 

5 Lack of Uniffiim Degree of Oxidation Occasional fibers of gauze 
remaining wdien the bulk is absoibed may, perhaps, contain a low^er pei- 
centage of carboxyl gi oups 

These variables are all leflected in the gross and micioscopic findings in 
the tissues which have been 111 contact with the mateiial In our earliei 
leport m the Annals w^e submitted photomici ographs of the reaction of 
various tissues at vaiying intervals aftei opeiation The amounts used w^eie 
small, and a deliberate attempt was made to avoid all unnecessary mjuiy 
and bleeding In the piesent senes, except in the omental implants, the 
tissues have been delibeiately ti aumatized, and the gauze used for hemostasis 
As w^as expected from oui eailiei experience theie has been no acute mflam- 
matoiy leaction to the material itself Theie liave been, however, phagocytic 
leactions, of varying degree Where no gieat amount of hemosiderin is 
present, the phagocytes show' laige basophilic droplets m the cytoplasm 
Almost no granulation tissue is present around the foreign body, and there 
are only lare infiltrating cells other than phagocytes A chaiacteristic zone is 
found, of typical laige phagocytes show'ing intense basopliihsm, almost diag- 
nostic foi the mateiial Less detailed studies have been made with other 
materials, and wdnle phagocytes aie found in some instances, none has had 
this particular appearance These variations and the histologic findings aie 
illustiated in photomici ographs (Figs 
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CLINICAL. INVESTIGATION 

Clinical trial of the material was delayed until the formaldehyde sterilized 
material which was available had been checked foi sterility and tested for 
irritating qualities m the tissues It has been used for hemostasis in 17 cases 
In four of these packing of some sort was imperative and, m two of the 


Table V 



Hist 

HEMOSTASIS IN CLINICAL CASES WITH SOLUBLE GAUZE AND COTTON 

Case 

No 

Date 

Surgeon 

Source of Bleeding 

Closure 

Result 

1 

633513 

4/13/44 

Stookej 

Internal carotid 

Closed 

Sinus lower angle 6th day 
Closed 30 days No infection 

2 

741353 

4/18/44 

Whipple 

Gallbladder bed 

Drained 

Tube out 9th day Healed 14th 
day 

3 

741879 

4/22/44 

Humphrey s 

Liver surface, through 
diaphragm 

Intercostal 

drainage 

48 hours 

Healed 7th day 

1 

627664 

5/1/44 

St John 

Incisional biopsy liver 

Closed 

Healed per prtmam 

5 

639170 

5/4/44 

Humphreys 

Intercostal vein 
Sympathectomy 

Closed 

Hematoma followed by pleurisy 
with effusion 

6 

706699 

5 /6/44 

Scudder 

Metatarsal Amputa- 
tion toe 

Open 

Infected 

Hemostasis satisfactory Re- 
moved 3rd day No bleeding 

7 

742421 

5/11/44 

Humphreys 

Cervical lymph node 
Biopsy Ca 

Closed 

Hemostasis satisfactory Healed 
per prtmam 

8 

744514 

5/12/44 

Humphreys 

Sternum Biopsy 
Leukemia 

Closed 

Hemostasis satisfactory Healed 
per prtmam 

9 

738341 

5/13/44 

6/4/44 

Harvey 

Hart ey 

1 Plantar abscess 
Drainage 

2 Plantar abscess 
Revision of drainage 

Open 

Infected 

Open 

Infected 

Hemostasis satisfactory Re- 
moved 24 hours No bleeding 
Hemostasis satisfactory Re- 
moved 3 days No bleeding 

10 

733473 

3/ 13/44 

Auchmcloss 

Gallbladder bed 

Drained 

Hemostasis satisfactory Slight 
bleeding 9th day Cause? Bili- 
ary fistula 2nd to 17th day 

11 

743824 

5/22/44 

Whipple 

Spleen collaterals 
Splenectomy 

Closed 

Healed per prtmam 

12 

Beth 

David 

44/1849 

5/24/44 

Bancroft 

Scar tissue leg Releas- 
ing incision 20 cm long 
down to muscle 

Open 

(Leg ulcers) 

Hemostasis satisfactory Re- 

moved 3rd day No bleeding 
Wound ready to graft 1 6th day 

13 

737472 

5/25/44 

Hanford 

Liver Punch biopsy^ 

Closed 

Hemostasis satisfactory Healed 
per prtmam 

14 

747716 

5/26/44 

Whipple 

Gallbladder bed 

Closed 

Hemostasis satisfactory Healed 
per prtmam 

IS 

747707 

5/27/44 

Blakemore 

Periaortic Occlusion 
aortic aneury’sm ab- 
dominal 

Closed 

Hemostasis satisfactory Healed 
per prtmam Some ecchymosis 

16 

747805 

6/3/44 

Blakemore 

Periaortic Wiring aor- 
tic aneurysm, abdomi- 
nal 

Sagittal sinus Opening 
sagittal suture 

Closed 

Died, cardiac failure 24 hours 
No autopsy 

17 

738386 

6/3/44 

Mount 

Closed 

Hemostasis satisfactory Wound 
healed 4th day' 


tour, wounds were closed which otherwise would have had to be left open 
and from which the packing would subsequently have had to be withdrawn 
In three biopsy wounds — two liver and one sternal marrow — it took the place 
of muscle, which would otherwise have been used, and was considered fully 
as satisfactory, if not more so In three oozing gallbladder beds it was a 
convenience but probably not a necessity The other cases constitute scattered 
clinical trials The complete list is to be found in Table V 
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It Will be seen in the table of clinical cases that there is one case in which 
hemostasis was obviously not secured and which was complicated by an 
hematoma and pleurisy with effusion This case, together wuth the four 
cases in which packing of some sort was imperative, two closed and two 
open, are analysed m detail 

ANALYSIS OF CLINICAL CASES 

Case I— History No 633513 M D, female, white, age 38 Dr Byron Stookey 
Four previous attempts by other surgeons to relieve pain by division of the sensory 
root of the right trigeminus Persistence of symptoms 

Operation — April 10, 1944 Fifth craniotomy Scar tissue was encountered which, 
when slightly manipulated after root section had been completed, gave way, and sudden 
bleeding occurred, thought to* come from the internal carotid This was controlled by 
vaselined gauze packing The wound was drained at the lower angle 
Coiiise — There was no febrile reaction following this procedure 
Operation — April 13, 1944 Wound opened Packing removed There was fresh 
bleeding of the same type as at the original procedure three days earlier This was con- 
trolled by packing with formaldehyde sterilized oxidized gauze, Parke, Davis 6-hour 
oxidation No 098630 Three strips were used, 8 x 6 cm each, folded in four The 
fi*‘st strip was impregnated with i cc of sodium penicillin 5,000 units Bleeding was 
completely controlled by the first two pieces of packing The third piece was used as 
reinforcement, but perhaps added unnecessarily to the bulk — something probably to be 
avoided The wound was closed 

Course Patient ran no fever There was swelling at the lower extremity of the 
wound, the site of the original drainage, first observed at the first dressing on the fourth 
postoperative day, when all sutures but one were removed There was no redness in 
the swollen area, which was in the anesthetic zone following root section 

On the sixth day there was spontaneous discharge of thin, brown fluid from the 
lower angle of the wound, with particles of black, oxidized gauze Culture of the 
discharge on the seventh day yielded organisms of the B subtihs group and coagulase- 
negative micrococci — no pathogens The sinus continued to dram small amounts of sticky 
fluid showing almost no cells on smear On May i, 1944, 17 days after secondary 
packing with oxidized gauzfe, the patient had a small, unhealed, granulating area m the 
lower angle of the wound with practically no residual swelling or discharge On May 
15, 1944, a month after operation, the wound was entirely healed 

Case 3 — ^History No 741879 N Y, male, Japanese, age 55 Dr George H 
Humphreys Atypical history Roentgenograms showed possible mediastinal mass 
Operation — ^Apnl 22, 1944 Right lower lobe lobectomy for carcinoma of lung 
There were many adhesions to the chest wall and to the diaphragm The lower lobe 
was largely occupied by a tumor which, on quick frozen-section, appeared to be a 
carcinoma Lobectomy was, therefore, carried out 

In this procedure part of the diaphragm was resected, and the liver immediately 
beneath was torn There was bleeding which could not be controlled by ligature, and 
which required packing Five pieces of oxidized gauze, 8 x 6 cm each, Parke, Davis 
No 098630 sterilized by formaldehyde, were folded to form a compress about 4 x 2 cm 
This was applied to the surface of the liver, and the diaphragm closed over the packing 
with three interrupted black silk sutures The oxidized gauze rapidly turned black, 
and hemostasis was considered satisfactory Sulfadiazine powder was blown into the 
cavity and the wound closed, with an intercostal catheter for drainage 

Course —'The. patient had a gratifymgly smooth course The intercostal catheter 
was removed on the third postoperative day, with no unusual discharge recognized 
All stitches were removed on the sixth postoperative day, and the wound appeared healed 
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The patient was afebrile from the sixth postoperative day On May i, 1944, the ninth 
postoperative day, roentgenograms showed some fluid at the right base, less, if anything, 
than one would expect under the circumstances 

Case 5— History No 639170 A P, male, white, age 36 Dr George H Hum- 
phreys A case of essential hypertension admitted for a left dorsolumbar sympathectomy, 
to be done in two stages 

Operation —May 4, 1944 Through a paravertebral hockey-stick incision, cutting 
the diaphragm and dissecting the pleura forward off the mediastinum, the sympathetic 
chain was exposed along the lower dorsal vertebrae Bleeding was encountered 
from the intercostal vein in the ninth interspace, which could not be controlled by clamping 
because of poor exposure Bleeding was controlled by one 4 x 8 cm oxidized gauze 
sponge, Parke, Davis No 098630, folded into a square approximately i 5 cm square, 
which was pressed into the intercostal space and held m place digitally until the gauze 
had become black and bleeding had been controlled For a period of about IS minutes 
thereafter no obvious bleeding occurred from the site The gauze remained stuck without 
suture Wound closed without drainage 

Course — ^At the first dressing, seven days after operation, the wound appeared well 
healed All sutures were removed on the eighth day The patient was never entirely 
afebrile, but was apparently doing well until the fourteenth day, when he began to run 
a spiking temperature, to complain of pain in the posterior part of the wound, and to 
cough Roentgenograms of the chest on this day showed pleural effusion, and swelling 
was also noted in the posterior portion of the wound Aspiration, extrapleural m the 
eighth interspace, yielded 40 cc of thick bloody fluid On the nineteenth day a second 
aspiration in the tenth interspace, extrapleural, yielded 300 cc of ropy, slightly purulent 
old blood, with a faint fishy odor 

Thoracenteses on the twenty-seventh, thirty-second, and thirty-fourth postoperative 
days yielded 1,350, i>350, and 250 cc, respectively, of clear, slightly blood-tinged pleural 
fluid The patient was given sulfadiazine On the thirty-fourth day the extrapleural col- 
lection was tapped again, and 150 cc of thick, grumous, browmsh-red fluid was obtained 
All cultures were negative, but on the thirty-fourth day the extrapleural pus showed 
an hemolytic Staphylococcus auietis on culture 

Comment — This case is given in detail because it is a failure in hemostasis 
Doctor Humphreys is now of the opinion that with bleeding of this magnitude 
the gauze should have been held in place by suture, and that the hematoma 
cannot be attributed to a failure of the material but to an error m the way in 
wdiich it was used The interpretation of this complication is not altogether 
clear, the febrile reaction having been someivhat greater than one would ex- 
pect with a simple hematoma, even though large and a sterile pleural effusion 
Very possibly the sulfadiazine therapy was responsible for the failure of 
growth of organisms, and the infection, m view of the repeated aspirations 
and the initial absence of orgamsnis 01 pus, should probably not lead to sus- 
picion that the gauze \vas contaminated 

Case 9 — History No 738341 N C, female, white, age 64 Dr H D Harvey 
A case of infection of the foot of three months duration in a woman with arterio- 
sclerosis and mild diabetes In an effort to sa\e at least part of the foot repeated 
attempts were made to secure adequate drainage This included removal of the first 
three toes, and wide opening dovn to the plantar fascia The infection was not 
completely controlled and although there was considerable healing, a sinus led to 
sloughing plantar fascia and flexor tendons 

Operation— May 13, 1944 Revision of drainage The sinus tract w'as laid open 
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down to the deep slough The granulation tissue was edematous and there was profuse 
bleeding from many small vessels Oxidized gauze, Parke, Davis No 098630, was 
packed into the wound Bleeding continued, but stopped when pressure was applied 
A pressure dressing, therefore, was used 

Course ~M.ay 14, 1944 First day postoperative The gauze was gelatinous and 
came away readily There was no further bleeding The slough continued to separate, 
but in the course of three weeks tlie sinus had again closed prematurely and drainage 
\>fas inadequate 

Opciation — ^Juiie Si ^944 Revision of drainage The sinus was opened There 
was dense scar tissue around it from which bleeding w'as brisk One vessel of 
considerable size was encountered and transfixation and ligature were not feasible 
Packing w'as, therefore, imperative Oxidized gauze, Parke, Davis No 098630, was 
used, and the wmund was filled to the surface with gauze which w^as allowed to overlap 
the skin edges slightly to prevent sticking of the dressing 

Course— June. 6, 1944 First day postoper The gauze was black and the surface 
dry There W’as no marked redness around the wound The patient said she had had 
pain during the night The outer dressing was practically dry The packing was not 
disturbed 

June 7 , 1944 Second day postoperative Dressing The gauze was still dry on the 
surface and could be removed almost in one piece A few fragments remained m the 
wound These could be picked up with forceps, and although somewhat gelatinous, still 
had fibrillar structure No bleeding followed removal of the gauze The w’ound edges 
had been kept apart satisfactorily for the 48 hours There w’as no retained exudate in 
the wound, although there was slough, as expected, in the depths 

Case 13 — Beth David Hosp No 44/1849 A C , male, white, age 55 Dr 
Frederic W Bancroft 

History — In November, 1942, the patient had a bilateral herniorrhaphy After dis- 
charge from the hospital he developed pain in the right knee and the whole leg became 
sw'ollen, presumably a phlebitis After the pain subsided, the leg remained swollen and 
ulceration began June, 1943 

Past History — Neisserian infection, 1939 Otherwise irrelevant 

Physical Examination — Right leg markedly sw'ollen below the knee with a wide 
zone of brown discoloration and superficial ulceration, two ulcers as large as S cm each 
Urine analysis showed no sugar Blood sugar 100 mg per cent, W B C 11,800, 
polys 64 per cent 

The patient was treated by rest, elevation, and dressings for ten days pre- 
operatively 

Operation — ^May 24, 1944 Ligation of saphenous bulb Release of scar tissue 
An incision about 20 cm was made on the medial aspect of the calf and deepened 
through dense scar tissue through the deep fascia and the sheath of the muscles The 
scar tissue was exceedingly thick, and there was no marked gaping until the deep 
fascia was cut The wound then gaped widely, and obvious bleeders were controlled 
by catgut ligature There was ooze from all the surfaces of the scar tissue and, 
accordingly, four pieces of oxidized gauze, Parke Davis D-2340-C, were laid on the 
wound surface As a test of the material two cotton pledgets, Parke, Davis D-2339-C, 
were placed in the lower angle of the wound It was Doctor Bancroft’s impression 
that the material was hemostatic 

Vasehned gauze packing was then placed m the wound and a light pressure 
dressing applied Neither the packing nor the pressure was so much as Doctor Bancroft 
has used m the previous dozen or so cases of this operation of his own devising 

Course —May 25, 1944 First day postoper Doctor Bancroft reported by telephone 
that the patient’s bandages were dry in contrast to the usual postoperative oozing of 
previous cases 
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May 27, 1944 Third day postoperative First dressing There was, according to 
Doctor Bancroft, less blood on the dressing than usual The gauze was soft, somewhat 
shmy on the under surface, and could be scooped out of the wound Nowhere was it 
stuck, and no bleeding occurred except where the vasehned gauze was stuck on the 
wound edges It w'ould have been better to cover the wound edges with the oxidized 
gauze Doctor Bancroft felt that the hemostasis had been unusual, and the dressing 
sctisfactory The wound looked somewhat brown Vasehned gauze dressing 

May 30, 1944 Sixth day postoperative Wound still brownish Little exudate 
May 31, 1944 Seventh day postoperative Wound still brownish Little exudate 
Acnflavine wet dressing Dressed thereafter q 2 d with acriflavine Wound ready for 
grafting June 9, I 944 , 16 days postoperative 

Comment — In previous cases of leg ulcer and deep scarring, which 
Doctor Bancroft has treated by one or more releasing incisions, he has found 
the wound suitable for grafting some time between the tenth and twenty-first 
postoperative day This case, ready for grafting on the sixteenth postoperative 
day, is m line with the others In his opinion, use of the oxidized gauze 
facilitated hemostasis and did not hinder repair 

SUMMARY 

This report is submitted at this time in the hope that further clinical 
trial of the material will be made m other hospitals, so that, if it proves 
useful, its availability to the armed foices may be expedited. It appears to 
have sufficient hemostatic piopeities when used dry so that combination with 
thrombin is probably unnecessary, possibly undesirable It is hoped that 
the investigators who are familiar with the control of hemorrhage with 
thrombin and cellulose as a carrier (Putnam, Ingraham and Bailey, Cronkite, 
Deaver, and Lozner), will try the cellulose wuthout the thrombin, as the 
reverse has already been tried Possibilities of impregnation of the material 
with antibacterial substances naturally suggest themselves This field needs 
further study, but our own preliminary vvork with penicillin suggests an 
incompatibility Woik is still m progress on the development of nomrritating 
membranes, and absorbable suture, or at least ligature, material It is too 
early to evaluate these results 

At the risk of being pedantic, we close wuth a w'aining This material, 
e\ en though soluble and i elatwcly nomrritatmg 'is a foi etgn body in the tissues 
and remains as such often foi several days It should be used, at least in 
wounds W'hich are closed without drainage, m as small quantity as possible 
It IS not a substitute for meticulous suigery, and surgical principles must not 
be violated in its use 

We are indebted to Miss Daisy Mapes, R N , for her assistance in all of the animal 
experimental work, her close scrutiny of the material, and the results of its application 
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INTERMITTENT MELENA OF FOURTEEN YEARS DURATION, 

AND FATAL HEMORRHAGE 
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Philadelphia, Pa 

FROM THE OASTRO-INTESTIVAL SERVICE, GRADUATE HOSPITAL UNIVrRSlTI OF PENNSALVANIA, 

DR H L BOCKUS, CHIEF OF SERVICE, PHILADELPHIA, PA 

Leiomyoma of the small intestine is uncommon Raiford,^^ in 1931, 
collected 82 cases of small bowel tumors from the records of the Johns Hopkins 
Hospital Only three cases of this total were leiomyomata, two of these occur- 
ring in the jejunum and one in the ileum In a later report, Raiford,^® from a 
study of the findings in 11,500 autopsies and 45,000 surgical pathologic speci- 
mens, was able to find a total of 986 cases of tumors, both benign and 
malignant, of the gastro-intestinal tract Of these, tumors of the small intes- 
tine constituted 8 9 per cent, the benign tumors of the small intestine making 
up 23 8 per cent of all the benign neoplasms of the gastro-intestinal tract 
Rankin and Newell, in 1933, reported 95 instances of neoplasms of the 
small bowel , 35 of these were benign, 1 1 of this group being leiomyomata A 
year later, Moore and Schmeissei in a review of the literature, were able to 
cull only 46 case reports of small intestine leiomyomata Of this group, nine 
occurred in the duodenum, 15 in the jejunum, 19 in the ileum, and the site in 
four instances was not specified , m only one case were multiple tumors present 
In 1937, Smith^® ^\as able to collect 513 cases of leiomyomata of the gastro- 
intestinal tract Of these, 50 occurred in the esophagus, 321 in the stomach, 
109 in the small intestine, and 33 in the colon He found, in reviewing the 
protocols of 36,000 autopsies at the Philadelphia General Hospital, 33 cases of 
gastro-intestinal tract leiomyomata, eight of which arose from the small bowel 
Two years later, Horsley and Keasbey'^ reported 15 additional cases of leio- 
myomata of the small bowel Morison,^'^ in an analysis of the biopsy and 
autopsy material of 13,139 patients at Queen’s University, at Belfast, found 
21 benign tumors of the small intestine, of which two were leiomyomata of 
the ileum In 1942, Weber and Kirklin^® analyzed the material at the Mayo 
Clinic over a 32-year period and gathered a total of 108 malignant small bowel 
tumors and 41 benign neoplasms of the small intestine, of the latter group, 
myomata constituted 14 cases, eight of these being found in the duodenum, 
four 111 the jejunum, and two in the ileum Since then, additional case reports 
have appeared sporadically m the literature 

There is no marked sex predilection for leiomyomata of the small bowel, 
although, as for tumors in general, males may be slightlj in the fore The 
majority of benign tumors of the small bowel occur between the ages of 30 
and 40,^' but the age incidence is wide, ranging from 13 to 79 One case 
in a child, age tw o, has been reported 
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In size, leiomyomata of the small intestine may vary from that of a pea to 
that of a large grapefruit A tumor weighing 1,500 giams has been reported 

Leiomyomata of the small bow el are most common in the ileum The next 
most frequent site is the jejunum, ivliile the duodenum is only rarely af- 
fected 

Pathologically, leiomyomata of the small intestine have been classified, 
according to site in the bowel w^all, as pimcipally submucosal or principally 
subserosal, 70 of the log cases of SmitlT'* falling into the latter group Micro- 
scopically, leiomyomata aie made up of wdiorls and interlacing bundles of 
smooth muscle cells, a varying amount of fibrous supportive stroma being 
piesent Necrosis, hyaline degeneration, and hemorrhage into the tumor mass 
have been described 

The incidence of malignant change m leiomyomata of the small intestine 
seems to be surprisingly high According to Klopp and Crawford, malignant 
change occurs m from 15 to 20 per cent of small intestinal myomata, and 
SmitlT*’ states that metastases or recurrences have occurred in 16 per cent of 
those leiomyomata of the subserosal type, no metastases, however, har’e been 
leported m leiomyomata of the submucosal variety These findings are in 
striking contiast to the lelatively low^ incidence of saicomatous change in the 
histologically comparable leiomyofibroma of the uteuis, wdiich is between 
somewhat less than i per cent® and 2 5 per cent ® 

Clinically, not all myomata of the small intestine give rise to symptoms In 
Raiford’s series of benign small bow'cl tumors,^® 46 per cent w ere encountered 
as an incidental finding at autopsy, and only 18 of the 35 cases catalogued by 
Rankin and Newelh'’’ had symptoms referable to the lesion How^ever, of the 
109 cases reported by Smith,^® in only 15 instances w^as the lesion discovered 
as an incidental finding at operation oi autopsy, the other cases having given 
rise to definite clinical complaints 

The two outstanding clinical featiiies of the leported cases of leiomyomata 
of the small bow'el are mechanical intestinal obstiuction and enterorrhagia In 
those tumors which are foi the most part submucosal, the commonest present- 
ing finding is intestinal obstruction secondary to intussusception, repeated 
episodes being not uncommonly observed Intestinal obstruction ivas obsen^ed 
in 27 of the 39 cases of myomata of the submucosal vanet} leported by Smith 
Of those tumors wdiich extend chiefly subserosalljs the principal clinical fea- 
ture is, in most instances, gastro-intestinal hemorrhage, lepeated episodes of 
melena being found in an appreciable number of instances SmitlT'’ reported 
gastro-intestmal hemoirhage 111 22 of his 70 cases of myomata of the subserosal 
type, and hemorrhage has been prominent in cases reported by others 
Other less frequent clinical manifestations of small intestinal myomata are 
evidences of peritoneal irritation secondary to acute necrosis of the tumor mass 
or volvulus,^ the presence of a palpable mass in the abdomen,^-- recurrent 
ulcer-hke distress,^"’ frank peritonitis due to rupture,-*- *** and vague, 
nondescript indigestion 

Roentgenologic examination, in many’’ instances, is of assistance m the 
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diagnosis of tumors of the small bowel, but tins is by no means true m all 
cases There are several reasons for the failuie m some cases to diagnose the 
piesence of a small intestinal tumor roentgenograpbically Pei baps the most 
important of these is the failure of the clinician to suspect the piesence of a 
lesion of this type, and, as a consequence, the roentgenologist, not being fore- 
warned, does not look for evidence of the lesion wuth sufficient caie oi sufficient 
persistence Secondly, subserosal tumors, which accounted foi two-thirds of 
the cases of myoma reported by Smith,^^ are unlikely to pi oduce a marked sub- 
traction defect m the silhouette of the barium-filled small bow el Thii dl} , due 
to the extensive overlapping of small bow^el shadows, a defect, even if piesent, 
may easily be overlooked Repeated pi ogress-meal studies and, in some cases, 
the introduction of barium directly into the jejunum through a tube aie pre 
lequisites for adequate roentgenologic visualization of small intestinal neo- 
plasms If obstruction due to a tumor of the small bow^el is present, plain films 
of the abdomen wall reveal the usual roentgenologic evidences of dynamic ileus, 
and in those cases of colonic involvement by an intussuscepting mass m the 
small intestine barium enema studies are of value 

We have recently had the opportunity to study a patient wath a leiomyoma 
of the jejunum wffio had 20 knowai episodes of melena over the coulse of 14 
years This represents, to our knowdedge, the most piotracted history of 
episodic bleeding and the greatest number of individual hemorihages to be 
leported in a case of leiomyoma of the small intestine We are, theiefore, 
describing this case in detail 

Case Report — M P, a Jewish male, age 53, was first admitted to the Graduate 
Hospital under the care of Dr H L Bockus, November 30, 1941, complaining of the 
passage of several tarry stools that morning His history dated back to 1930 wdien, for 
the first time, he noticed that for a period of three or four days his stools w^ere black 
Four months later, a similar episode occurred Roentgenologic examination at that t me 
revealed no evidence of ulceration in the upper gastro-intestinal tract The patient did 
well for a period of eight months before melena once more was noted A second barium 
progress-meal revealed changes which were somewhat suggestive of peptic ulcer During 
the following tw'o }ears the patient experienced two more episodes of bleeding During 
this time he never presented any clinical complaints suggestne of actnc peptic ulcer 
However, in I 933 i a gastro-enterostomy was performed, altliough, at operation, no ulcer 
of the stomach or duodenum could be demonstrated Five months later melena of se\eral 
days duration again appeared, and during the next tw'o jears this recurred sporadicallj at 
interials of five to six months In 1936, the patient developed marked melena which was 
associated with the vomiting of dark brown material Because his hemoglobin level had 
dropped to 20 per cent of normal, hospitalization and repeated transfusions were necessarj 
A progress-meal following this episode of intestinal bleeding revealed no evidence of 
ulcer formation During the next four vears melena occurred at least six times, the 
longest free interval having been 13 months Although the patient had never had anj 
abdominal discomfort prior to surgerj, from the time of the gastro-enterostomv he 
experienced occasional episodes of epigastric distress characterized bv food and alkali 
relief, at no time did he have dav-to-dav discomfort his epigastric complaints coming 
on capriciouslv and sporadicallv He was gastroscoped in 1939, and no ulcer was seen 
In December of 1940, he consulted Dr H L Bockus for the firn time \t that time 
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physical examination was nonrevealing save foi a blood pressure of 160/90 His stools 
were negative for occult blood The erythrocyte count was 4 1 million cells per cu mm , 
with II Gm of hemoglobins, and the leukocyte count was 7500 cells per cu mm, with 
a normal differential The platelets numbered 127,480 per cu mm , bleeding time was 30 
seconds, and the Quick prothrombin time was 80 per cent of normal The gastric 
analysis revealed no free acid in the first five specimens, bile being present in each extrac- 
tion, a free acid of 13 units, with a total acid of 28 units, appeared in the sixth extrac- 
tion Progress-meal studies revealed no evidence of esophageal varices, an estimated 90 
per cent of the barium meal was passing through a well-functioning gastro-enterostomy 
stoma , no ulcerative lesion of the stomach or duodenum was demonstrated , and the small 
intestinal loops were considered normal after careful survey A barium enema study was 
negative The Rumpel-Lecde test was negative , there was no pathologic urobilinogenuria , 
and the serum bilirubin was within normal limits Gastroscopic examination revealed no 
evidence of bleeding points or ulceration either in the body of the stomach or the well- 
visualized stoma The patient was placed on a modified ulcer regimen, and did well for 
one year, except for occasional mild and transient episodes of epigastric discomfort On 
November 30, 1941, however, melena once more recurred, and the patient was hospitalized 

Physical examination on admission revealed no evidences of shock The blood pressure 
was 160/85 There was no tachycardia or jaundice, and the liver and spleen were not 
palpable A small amount of tarry fecal matter was present in the rectum, but no cherry 
red blood was seen Blood studies on admission revealed an erythrocyte count of 5 25 
million cells per cu mm, a hemoglobin of 12 S Gm , and a leukocyte count of 11,100, 
vith 78 per cent neutrophils There were 214,000 platelets per cu mm No further 
tarry stools were passed following admission Patient was treated expectantly, and, 
December 6, 1941, he was discharged on his previous dietary regimen 

Melena recurred once more in September, 1942, and on the eighth of that month, 
he was readmitted to the Graduate Hospital Physical examination at that time revealed 
a blood pressure of 128/90 The liver and spleen were not palpable, and tarry material 
was present in the rectal ampulla His erythrocytes numbered 40 million cells per cu 
mm , with a hemoglobin of 12 5 Gm The total leukocyte and differential counts were 
within limits of normal There were 168,180 platelets per cu mm , and the prothrombin 
time was 95 per cent of normal He was treated with hourly feedings, and, September 
14, 1942, he was discharged 

He was followed regularly and had no recurrences of his melena until September, 
1943, when, while in another part of the country, he suddenly developed another episode 
of bleeding, which was associated with hematemesis Because of the seventy of his 
gastro-intestinal hemorrhage he was hospitalized, and on seven occasions transfused He 
made a good recovery and was discharged after a month’s stay in the hospital Labo- 
ratory studies during the following winter revealed an erythrocyte count of 5 r6 million 
cells per cu mm , a hemoglobin of 14 Gm , a leukocyte count and differential within nor- 
mal range , a platelet count of 304,400 per cu mm , prothrombin time of 61 per cent of 
normal , no retention of dye in 30 minutes with the 2 mg dose of bromsulphalein , and a 
gastric acidity of 20 units of free acid and 40 units of total acid Once more a progress- 
meal study revealed no evidence of esophageal varices or upper gastro-intestmal tract 
ulceration 

On March 21, 1944, the patient de'^eloped an episode of mild postprandial discomfort 
localized m the epigastrium, and accompanied by borborygmi Several hours later he had 
a passage of liquid fecal material of tarry nature He became weak and felt chilly, but 
syncope did not occur That night he was admitted to the Graduate Hospital for the 
third time On examination, the patient was apprehensive, and his skin and mucous 
membranes were somewhat pale The blood pressure was 150/90 The abdomen revealed 
no abnormalities The red cell count was 4 24 millions per cu mm , with a hemoglobin of 
12 Gm During the three days following hospitalization melena continued, and despite 
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further the material within the lumen became tarry, and the remainder of the small 
bowel and the entire large bowel was filled with blackish semiliquid fecal material With 
the exception of the tumor mass m the upper jejunum no other lesions could be found 
in the entire gastro-mtestmal tract which could explain the melena 

Histologic examination of the tumor tissue revealed the mass to be made up of 
interlacing bundles and whorls of smooth muscle The nuclei were vesicular and spindle- 
shaped , no mitotic figures u ere seen Sections stained for connective tissue by Mallory’s 


Fig 3 



Fig 3 

Fig 2 — Photomicrograph of the tumor showing the interlacing bundles of smooth muscle 
in longitudinal section and in cross section (Hematowlin and cosin xiso ) 

Fig 3 — higher powered view of a portion of the section seen in Figure z The 
spindle shaped nuclei are prominent (Hematoxylin and eosin x 330 ) 

> 

method revealed only a moderate amount of fibrous supportive stroma Pathologic 
Diagnosis Leiomyoma of the jejunum 

Discussion — This case represents an instance of repeated episodes of 
melena over the course of a considerable number of years, and a fatal termina- 
tion from bleeding into the gastro-mtestmal tract m a patient who had a 
benign tumor of the jejunum It is of interest that ulcer disease, though sus- 
pected, had never been demonstrated conclusively, and that a gastro-enteros- 
tomy had been injudiciously performed In all likelihood, had the presence of 
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a tumor of the small bowel been strongl}^ considered and appiopnate surgical 
exploration advocated, the patient might not have died 

This case emphasizes the fact that the presence of small intestinal neo- 
plasms is much too infrequently suspected The diagnosis of tumors of the 
small bowel, both benign and malignant, rests upon a high index of suspicion 
The possibility of a neoplasm of the small intestine should be consideied in any 
patient who has repeated episodes of melena in the absence of any demon- 
strable lesion in the upper gastro-intestmal tract or colon, and m any patient 
with repeated episodes of paitial or complete obstruction in the small bowel 
In such instances, despite the absence of roentgenologic demonstration of the 
lesion, celiotomy is indicated Since the ratio of benign to malignant tumors is 
much greater in the small intestine than in other parts of the gastro-intestinal 
tract, surgery for small bowel tumors should, on the whole, afford a better 
ultimate result than can be expected for tumors of the esophagus, stomach, 
or colon 

SUMMARY 

1 The incidence, pathologic characteristics, and clinical featuies of leio- 
myoma of the small intestines aie reviewed 

2 A case of a patient with a leiomyoma of the jejunum who had 20 known 
episodes of melena over a 14-year period, with a fatal hemorrhage, is reported 

3 The necessity for a high index of suspicion for tumors of the small 
intestine is pointed out 

We wish to thank Dr H L Bockus for permission to report this case 

REFERENCES 

^ Cave, H W Tumors of Small Intestine Annals of Surgery, 96, 269, 1932 
2 Cohn, S , Landy, J A, and Richter, M Tumois of the Small Intestine Arch Surg, 
39, 647, 1939 

® Curtis, AHA Textbook of Gynecology 4th ed, W B Saunders Company, Phila- 
delphia, p 249, 1943 

Daniels, A Leiomyomata of the Ileum Arch f klin Chir , 151, 442, 1928 
Ewing, J Neoplastic Diseases 4th ed , W B Saunders Company, Philadelphia, p 228, 
1940 

° Gord, C A , and MacCarty, W C Clinical and Roentgenological Manifestations of 
. Tumors of the Small Intestine Proc Staff Mayo Clinic, 17, 20, 1942 

Horsley, J S , and Keasbey, L E Tumors of the Small Intestine Lewis’ Practice of 
Surgery, Hagerstown, W F Prior and Company, 4, chap 17, 1939 
® Jones, T E , and Brubaker, R E Leiomyoma of the Ileum Cleveland Clinics, 9, No 
4 , 173, 1942 

“ Kahn, M Endojejunal jMyoma Surg Clin North America, ii, 1043, 1931 
Ivlmgenstein, P Benign Neoplasms of the Small Intestine Complicated by Severe 
Hemorrhage J Mt Sinai Hosp , 4, 972, 1938 

Klopp, E J , and Crawford, B L Leiomjoma of the Small Intestine Awais of 
Surgery, ioi, 726, 1935 

Krober, F A Case of Intestinal Myoma in a Negro Child, Aged Two Deutsch mcd 
Wchnschr , 60, 522, 1934 

Ikloore, R M , and Schmeisser, H C Benign Tumors of tlie Small Intestine South 
Mcd, J , 27, 386, 1934 


205 



HANNO AND MENSH 


Annals of Surgery 
August 1944 


Monson, J E Tumors of the Small Intestine Bnt J Surg, 29, 139, 1941 
Raiford, T S Tumors of the Small Intestine, Their Diagnosis, with Special Refer- 
ence to their X-ray Appearance Radiology, 16, 253, 1931 
Raiford, T S Tumors of the Small Intestine Arch Surg , 25, 122, 1932 
Rankin, F W , and Newell, C E Benign Tumors of the Small Intestine Surg Gynec 
& Obst, 57 , SOI, 1933 

Smith, L A , Good, C A , and Gray, H K Tumors of Small Intestine as the Cause 
of Recurrent Helena Proc Staff Mayo Clinic, 19, 117, 1944 
Smith, O N Leiomyoma of the Small Intestine Am J Med Sci , 194, 700, 1937 
Weber, H M, and Kiiklin, B R Roentgenologic Manifestations of Tumors of the 
Small Intestine Am J Roentg and Rad Therapy, 47, 243, 1942 



RETROGRADE JEJUNOGASTRIC INTUSSUSCEPTION THROUGH 
A SUBTOTAL GASTRECTOMY STOIMA 

Lt. Col W. L McNamara, M C , A U S 

HxKiS, Il-I> 

FROM THE PATHOLOGICAL I ABORATORV AND TUMOR SERVICE OF THE VETERANS ADMINISTRATION FACILITT 

In 1935, Diicey and McNamara^ reported a case of retrograde jejuno- 
gastric intussusception through a gastro-enterostomy stoma In a brief survey 
of the literature the authors found 36 instances of this rather unusual sequela 
of surgery for relief of peptic ulcer 

The recently encountered case of retrograde jejunogastiic intussusception, 
ivhich forms the basis of this report, was similar 111 all respects to the one 
previously desciibed by these authors, with the exception that in this case 
intussusception occuried through a partial gastrectomy stoma, in the earlier 
case through a gastro-enterostomy stoma This fact is of special interest 
because m recent years gastrectomy has replaced gastro-entei ostomy almost 
universally as the operation of choice for relief of ulcer or cancer It is 
believed that this is the first case recorded in which jejunogastric intussuscep- 
tion occurred through a partial gastrectomy stoma 

Case Report — A L , white, male, age 50, gave a history of chancre 20 years ago 
He had had inadequate antiluetic treatment, and tabes dorsalis had developed He 
complained of “stomach trouble” for many j'cars, and five years prior to the present 
admission a gastro-enterostomy had been performed for relief of peptic ulcer 

On July 19, 1943, the patient was admitted to the hospital complaining of pain m the 
upper abdomen, especially severe before meals, and vomiting of “coffee ground” material 
Occult blood was detected in the stools The abdomen was tender The clinical diagnosis 
was recurrent ulcer, probably in the gastro-enterostomy stoma, and operation was advised 
The patient showed the ataxia of tabes dorsalis Serologic tests of the spinal fluid were 
positive The Wassermann test of the blood was negative 

At operation, September 9, 1943, two large marginal ulcers of the gastro-enterostomy 
stoma were found The old anastomosis was excised and a subtotal gastrectomy was 
performed The patient made an uneventful recovery and was discharged 

On November 17, 1943, the patient was readmitted, complaining of \omiting and 
pain in the upper abdomen The pain was first experienced two weeks before admission 
(just one week after previous discharge) He had vomited persistently for the last four 
da3's At the time of admission the patient was extremely dehjdrated and semicomatose 
The vomitus became fecal in tj'pe 

The heart and lungs were negative The abdomen showed an old right upper para- 
median scar and a recent but well healed upper midline incision There was a fullness in 
the upper abdomen, indefinite in outline and apparently not the liver The low'er abdomen 
was flat The patient rapidly lapsed into coma and expired A tentatne diagnosis of 
intestinal obstruction was made, but immediate surgerj^ w-as deemed inadiisable due to 
the patient’s extremely grave condition 

Autopsy — On opening the peritoneal caxitj many old fibrous adhesions were noted 
There was massne dilatation of the stomach, w'hich measured 50 cm in length The 
lower segment of the stomach had been resected A retrograde jejunogastric intussuscep- 
tion of the efferent portion of the jejunum had occurred tlirough tlie gastrcctom> stoma 
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There was marked dilatation of the afferent loop of the jejunum 
below the intussusception was collapsed 


The small intestine 


On section of the stomach, it was noted that the intussuscepted portion of the jejunum 
formed a stovepipe-like sleeve, so that there was a double layer of intestine in the 
stomach The length of the sausage-hke mass in the stomach measured 25 cm when 
stretched out it measured in excess of 50 cm The greater part of the length of the 
jejunum found m the stomach was partially digested and gangrenous (Fig ij 



Tic I — Necropsy specimen, posterior view i Esophagus, 2 site of stoma, 3 
efferent loop of jejunum, 4 telescoped loop of jejunum filling stomach, s blind end of 
duodenum, 6 pancreas 

There were many adliesions in the area of the stomach and around the blind end of 
the duodenum The portion of the small intestine below the intussusception and the large 
intestine were grossly negative 

Anatomic Diagnosis Retrograde jejunogastric intussusception through an old partial 
gastrectomy stoma 

Discussion — Ducey and McNamara (1937) found 36 cases of jejuno- 
gastric intussusception, and added a case of their own Schackman (1940) 
notes additional cases by Bonomi (i 937 )r Greenwood (1937) and Otero 
(1938) Schackman states that if a gastro-enterostomy has both an afferent 
and an efferent jejunal loop, three types of jejunogastric intussusception may 
occur Type I — The afferent loop may mtussuscept through into the stomach 
Type II — The efferent loop may undergo retrograde intussusception and either 
stop short of, or pass through, the gastio-enterostomy stoma Type III— Both 
afferent and eff ei ent loops together may mtussuscept through into the stomach 

Schackman reports a case of Type III m which a preoperative diagnosis of 
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jejunogastric inlussusception within a short tune after onset of symptoms, and 
patient came to opeiation 15 houis latei The intussusception involving about 
T, 5 feet of red, congested jejunum n as reduced The gastro-enterostomy stoma 
was seen and appealed noimal apait fiom a hemoiihagic area 05x05 inches, 
due to extravasated blood follow'ing mechanical congestion on the anteiior sur- 
face of the anastomosis No efloit was made to anchor the jejunum The 
patient made an uneventful lecoveiy, and latei by gastioscopy the gastro- 
enterostomy w as demonsti ated to function w'ell 

Schackman stresses the necessity for early diagnosis leading to immediate 
surgery in these cases From his study he finds that in Types II and III there 
IS a 50 pel cent moitality if opeiation is delayed more than 48 hours after onset 
of symptoms Schackman summarizes “The condition should be considered 
if ever a patient has abdominal jrain and vomiting, wnth or without hemat- 
emesis, coming on at an} lime aftei a gasti o-enterostoni} 

Chamberlin (1940) divides into two clinical gioups the reported cases of 
letrograde intussusception of the jejunum into the stomach (a sequel follownng 
gastro-enterostomy) as follows 

“111 one group the patients have a brief illness evidenced by epigastric 
pain and vomiting fiist of food, then of bile and finally blood An epigastric 
tumor may be palpated above and to the left of the umbilicus Visible peris- 
talsis and upper abdominal rigidity are often present The usual preoperative 
diagnoses have been high intestinal obsti uction, a ruptured viscus, or an acute 
surgical abdomen In this gioup the piognosis is grave and surgical interven- 
t'on should be immediate 

The othei group of patients is composed of those wdro maintain a state of 
chronic invalidism following a gasti o-entei ostomy for peptic ulcer The char- 
acteristic symptoms beginning at any time from five days to 14, or more, years 
after operation aie epigastric pain, nausea and vomiting which occur at 
11 regular inten^als and subside spontaneously The author adds that in these 
patients, as in the case of chronic recurrent jejunogastiic intussusception 
through a gastro-enterostomy stoma w'hich he reports, radiographic examina- 
tion aids in establishing the diagnosis In this unusual case the intussusception 
aemonstrated repeatedly by fluoroscopic methods w^as not in evidence when 
celiotomy w'as performed about ten days later The author states that the 
ei idence is conclusive that the patient had a retrograde intussusception of the 
jejunum which spontaneously reduced itself The clinical history suggests 
that this may have occurred many times before the lesion w^as found, and the 
history of occasional vomiting attacks subsequent to the operation suggests 
that it continues to occur 

The case which foims the basis of this report differs from the similar cases 
m the literature in that the intussusception occurred through a partial gas- 
ti ectomy stoma rather than through a gastro-enterostomy stoma It is also 
interesting that the intussusception occuired so soon after gastrectomy The 
operation w'as performed September 19, 1943 and the first symptoms occurred 
about six wrecks later Bettman and Baldwin m their resume noted that the 
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accident had occurred as early as one year and as late as i6 years after gastro- 
enterostomy Due to the delay (two weeks) which intervened between the 
onset of the initial symptoms (pain and vomiting), and on return of the 
patient to the hospital the patient was almost moribund and was beyond the 
aid of surgery when seen This stresses the importance of early diagnosis and 
immediate surgery m these cases 


SUMMARY 

1 A case is presented m which retrograde intussusception of the jejunum 
occurred through a gastrectomy stoma 

2 It IS important that the possibiht}' of retrograde intussusception of the 
jejunum through the stoma be considered whenever suggestive symptoms, 
such as severe pain and bloody vomitus occur m a patient who has been sub- 
jected to gastro-enterostomy or subtotal gastrectomy 

3 An early diagnosis is important because immediate surgery constitutes 
the only hope, except lii the chronic type as described by Chamberlin 
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THE INFLUENCE OF ETHER, MORPHINE AND NEMBUTAL ON 
MORTALITY IN EXPERBIENTAL BURNS* 

Robert Elman, M.D 

WITH THE TECHNICAL ASSISTANCE OF HARRY RIEDEL 

St Louis, Mo 

FROM THE DEPARTMENT OF SURGERT, WASHINGTON UNIVERSITT SCHOOL OF MEDICINE 
AND BARNES HOSPITAL, ST LOUIS, MO 

The present communication deals with experiments showing that the 
early mortality following seveie thermal injury is profoundly influenced 
by the type of sedation and anesthesia used In the first paper of this series^ 
the combination of nembutal and morphine used produced a good anesthesia 
during the injury itself, as well as a fairly prolonged sedation afterwards 
Following the publication of this data, Dr Alfred Blalock wrote that he 
had repeated these experiments' and had observed a much lower mortality , 
indeed, only two deaths occurred under 24 hours m a series of 12 experiments 
m which a thermal stimulus of 85° to 90° centigrade for 5 to 15 seconds, 
up to the axilla, was employed With a similar degree of injury, our mor- 
tality was TOO per cent The fact that he used a smaller dose of morphine 
without nembutal plus a short ether anesthesia during the burn stimulus 
suggested that the pronounced difference' in mortality might perhaps be due 
to the type of anesthesia used In older to study this supposition, a series 
of experiments were carried out in which a somewhat more severe burn 
stimulus (immersion up to the axilla at 100° centigrade for 10 seconds) was 
employed in a series of ten experiments each, various doses of morphine in 
combination with nembutal or ether were used in each group 

Expemnental Findings — Table I records the essential findings, which 
indicate clearly the deleterious effect of morphine and nembutal, particularly 
the former, on the 24-hour mortality 


Table I 

INFLUENCE OF ETHER, NEMBUTAL AND MORPHINE ON 24-HOUR MORTALITY 

Agent Used and Dose 


No of 

Numbutal (i v ) 

Morphine* 

Ether dunng 

24.Hour 

Experiments 

mg /Kg 

mg /Kg 

Burn 

Mortality 

10 

30 

6-10 

0 

100% 

10 

30 

0 

0 

50% 

10 

0 

6-10 

yes 

80% 

10 

0 

3 

yes 

20% 

10 

0 

0 

yes 

10% 


* These doses, because the dog is much less susceptible than men, are well within therapeutie^range 


Hemoconcentration curves were obtained in these experiments, but only 
those in the three groups given ether are of significance There was little 
difference m the two groups receiving both morphine and ether However, 

* Aided by a grant from the Commonwealth Fund 
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the group anesthetized with ether, but without morphine, showed a higher 
peak both in the nine survivals and in the one fatality From this, it may 
be inferred that morphine has little influence on the hemoconcentration in 
burns, if anything, it tends to decrease it Its deleteiious influence, there- 
fore, must be connected not with the physical changes in the blood produced 
by the burn, but rather with a toxic effect on respiration or on some other 
vital function 

CoMRiENT — The deleterious effect of morphine on the mortality in experi- 
mental burns seems quite clear from the present findings When ether vas 
used during the burn stimulus, the moitality was lowest when no morphine 
was employed, but increased to 8o per cent when the dose of morphine was 
6 to 10 mg per kilogram The deleterious effect of nembutal with morphine 
IS shown by the fact that a loo pei cent mortality follow^ed this combination 
of agents The inference that nembutal alone is deleterious because it pro- 
duced a mortality of 50 per cent must be qualified m that the dose employed 
did not achieve complete anesthesia so that the relatively high mortality 
might have been due m part to an incomplete central suppression of the 
afferent impulses during the stimulus The wide differences in mortality 
herein obsen^ed show how' important it is to evaluate the effect of the 
anesthesia m experimental burns before drawing inferences from the value 
of various therapeutic procedures In shock due to other injuiy contrasting 
findings have been reported Thus, experiments- wuth hemorrhagic shock 
have shown no difference in mortality betw'een those given morphine as 
compared with controls Another study together w'lth an analysis of pre- 
ceding work, showed that shock from intestinal manipulation is delayed w'lth 
barbiturate as compared with ether anesthesia, but that in shock from 
hemorrhage there was no significant difference 

Practical inferences may be drawm from the present study 111 view of the 
almost universal use of laige doses of morphine in the treatment of human 
burns While no one will question the beneficial effect of morphine m the 
presence of really severe pain, its cautious use must be emphasized when 
such pain does not exist The present author has observed many severe 
human burns in which pain was completely absent at the time the patient was 
first seen Indeed, the sensorium w'as often dulled in the severe cases It 
IS quite probable that by the time the burned patient is able to receive medical 
care, pain has disappeared almost entirely except for the memory of the 
intense pain at the very moment of the injury Under such conditions, large 
doses of morphine should certainly not be used, inasmuch as it may lead 
to harmful effects, perhaps even increasing the mortality in spite of the 
use of other beneficial therapy 


CONCLUSIONS 

Morphine increases the 24-hour mortality (up to 100 per cent) in severe 
experimental bums, particularly when given in large doses and with nembutal 
Practically no 24-hour mortality occurred when ether alone was employed 
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CLOSURE OF DEFECTS OF LIPS WITH 
COMPOSITE VERMILION BORDER-LINED FLAPS* 

Hans IMat, M D 

Philadelphia, Pa 

Defects of the lips large enough to prevent direct closure can be 
closed by transplantation of flaps either from the immediate neighborhood 
01 from some distant parts If possible, composite vermilion border-lined 
flaps shifted or rotated from the immediate neighborhood should be chosen 
Flaps from distant parts have the disadvantage of requiring considerable 
amount of time for their transplantation, difference in skin color and texture, 
and loss of function 

CLOSURE OF VERTICAL LIP DEFECTS NOT LARGER THAN HALF THE WIDTH 

OF THE LIP 

Estlander’s Operation The principle of the method consists in covering 
the defect by formation and rotation of a full-thickness flap from the opposing 
hp The flap is pedicled at one side of the vermilion border, which contains 
the coronary artery Estlander’s origmal operation was devised for closure 
of triangular defects of the lowei hp near the corner of the mouth This 
operation has been modified, since then, in many ways (Abbe, Buck, Brovn, 
Padgett, Cannon) Some of the different ways in which Estlander’s prin- 
ciple can be employed are outlined in Figures i, 2, 3, 4 and 9 In those defects 
in which the corner of the mouth is included, the pedicle of the flap forms 
the new corner of the mouth This usually causes some vertical shortness 
and, consequently, prevents the patient from opening the mouth fully, Figures 
I, 2, 3 and 9 To overcome the handicap, I recommend a procedure to be per- 
formed three weeks after the first operation, as outlined in Figure 2 The 
principle is based on the switching of triangular flaps like in Z operations 
Thus, not only the oral orifice is widened, but a more natural corner of the 
mouth IS achieved, Figures 2 and 9 

CLOSURE OF LARGE HORIZONTAL DEFECTS OF UPPER OR LOWER LIP 

(excluding THE CHIN) 

These defects may involve partial or full-length of the lips A great 
number of procedures are described in the literature which recommend the 
use of full-thickness cheek flaps Some of them have never been practiced 
and some of them give such poor cosmetic and functional results that they 
should be abandoned, both from surgical practice and textbooks 

Brun’s operation is still highly recommended in some of the textbooks 
This method was tried by the author, but was far from the result which 
the classic illustrations would make one believe But, there are a few 
excellent procedures available w'hich make use of flaps from the immediate 


* Presented before the Philadelphia Academy of Surgery, December i, 1943 
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neighborhood consisting of skin and subcutaneous tissue only, and are 
recommended whenevei they are possible I refei to the ingenious methods 
of F Smith, Pierce, O’Connoi, and Owens 

CLOSURE OF DEFECTS OF LOWER LIP AND CHIN OF NOT LARGER THAN THREE- 

QUARTERS THE WIDTH OF THE LIP 

For closure of these defects, utih7ation of composite flaps from the 
immediate neighboihood is still possible 


4 

1 

‘f 


(a) (b) (c) 

Pic 3 — (a) TnmguHr defect m the middle portion of the lower hp In order to 
make the method of Figure i possible, thei defect must be transferred laterallj This is 
done by closure of the center defect with a square flap The outlines of this flap as well 
as the flap of the upper lin are illustrated (b) The square flap for closure of the center 
defect is rotated into the defect This opens up a similar defect in the lateral portion of 
the bp (c) The flap from upper lip is rotated in the lateral defect The secondary 
defect of the nasolabial region is closed 

Burow’s Method To use this method, the defect must be triangular- 
shaped It IS closed by shifting tissue fiom the immediate neighborhood 
into the defect after sacrificing two ti langles of tissue in the nasolabial region 
The excision of hp and cbm should be lathei heait-shaped, than wedge- 
shaped (Diffenbach) This results later in a more normal looking profile 
with a dimple in the center of the chin 

The triangles of tissue to be excised fiom the nasolabial region should 
consist of skin and muscle only The base of the triangle is m line with the 
vermilion border and equals in length one-half the width of the defect 
The mucous membrane floor of the triangular defect is incised as outlined 
in Figure 5 If turned outward, it will lengthen the vermilion border The 
purpose for shaping the small mucous membrane flaps, as outlined in Figure 5, 
is twofold (i) A gradual tapering off of the nen vermilion border at the 
outer angles which are to form the new corner of the mouth , and (2) a more 
satisfactory adjustment of the mucous membrane flap to the gradually dis- 
appearing original vermilion border As a lule, a small triangle of skin 
needs to be removed at the corner of the mouth to make room for the tip of 
the mucous membrane flap (New and Figi) The flaps are now turned out- 
ward and sutured m place The lateral part, however, wdiere the new ver- 
milion border is tapering off, due to thickness of the cheek tissue, ma} be too 
broad , it should be thinned somewFat by excision of a w^edge of subcutaneous 
and muscle tissue 
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The cheek flaps to be shifted into the defect are mobilized from the 
mandible from an incision along the lower gingivobuccal sulcus The dis- 
section should be carried back to the anterior border of the masseter muscle 
The mobilized flaps are now pulled forward and anchored in this position 



(a) (b) 

Fig s — (a) Burow’s method of closure of triangular defects of loner lip and chin, of not larger 
than three quarters the width of the hp Closure of the defect by shifting tissue from the immediate 
neighborhood mto the defect after sacrificing two triangles of tissue in the nasolabial region The 
excision of the triangles should consist of skin and muscle only The incision of the mucous mem 
brane floor of the triangular defect is outlined If turned outward, the mucous membrane flaps lengthen 
the vermilion border A small triangle of skin near the corner of the mouth needs to be removed for 
adjustment of the mucous membrane flap A horizontal incision below the chin ma> facilitate shifting 
of the mam flaps (For details, see text ) (b) After closure of primary and secondary defects 



(a) (h) (c) 

Fig 6 — (al Defect of lower Up and replacement of soft tissue by dense fibrous tissue after 
radiation of a hemangioma Patient was operated upon according to the method of Figure 5 (b) 
Soon after the operation (c) One year after the operation 

to the gums Each suture should be placed obliquely so that it advances the 
flap forward Then follows closure of the triangles in layers, connection of 
the lateral edge of the new vermilion border to the upper lip and vertical 
connection of both flaps in the midline in layers Some adjustment may be 
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necessary at the bottom of the incision to avoid pointing of the chin A drain 
IS inserted in the lower corner of the veitical wound 

Variations If the defect is more laterally situated this method may be 



Fig 7 — (a) Modified Dieffenbach’s method for closure of large defects of louer lip and 
chin Heart shaped excision of loner lip and chin is outhnbd, also the two sctuare flaps which 
are to cover the defect Tsso small flaps at corner of mouth are presen ed, the inside incisions 
for mobilization of the flaps from the mandible and from the anterior border of the masseter 
muscles are outlined by dotted lines, also the small mucous membrane flaps for formation of 
the vermilion border (b) The right flap is mobilized, the small mucous membrane flap is 
®yfwed to the outer edges of the main flap, the left mucous membrane flap for formation 
of the vermilion border is being freed (c) Closure of the triangular muscle and mucous mem 
brane defect in front of the masseter muscle by mobilization of the mucous membrane as far 
as possible and transplantation of a flap consisting of the lower anterior half of the masseter 
muscle The mobilization of the flap is exaggerated in this drawing for demonstration pur- 
poses (d) The original and secondary defects are closed (Courtesy, Surg Gynec &. Obst 
73 236, 1941 ) 

carried out unilaterally and be combined on the other side either with 
Estlander’s or — m large defects — ^with Dieffenbach’s method {vide infm) 
Bernards Opeiation This operation is similar to Buiow’s, rvith the 
exception that the defect is made square, instead of tiiangular. Martin 
improved the technic by adding some modifications 
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CLOSURE OP DEFECTS OF ENTmE LOWER LIP AND CHIN 
In such large defects, a lined flap from distant parts of the body will be 
the method of choice in a numbei of cases, particularly foi square, irregularly- 
shaped defects If, howevei, the defect can be made triangular, transplantation 



Fig S — (a) Patient with large squamous cell carcinoma of lo\^er lip — no 
evidence of metastasis Line of heart shaped excision outlined Operation accord 
ing to the method of Figure 7 (b) Same patient fi^e da>s after operation (c) 

Same patient 13 months after operation (d) Same patient 13 months after 
operation (Courtesy, Surg Gynec & Obst 73 236, 1941 ) 

of composite flaps from the immediate neighborhood may be possible I 
recommend the modified Dieffenbach operation for such a case This method 
has been frequently accused of being mutilating and extensive It will not be 
denied that the operation is extensive, but — correctly performed — it is not 
mutilating I have endeavoied to improve the technic by adding a few more 
modifications From the cosmetic functional and economic standpoint, it is by 
far superior to any existent flap transplantation The advantages are Exci- 
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Sion of the diseased pait and closure of the defect in one sitting, thus shorten- 
ing hospitalization , and replacement of lost structures by similar structures, 
thus restoring oiiginal function and appearance This operation can be per- 
formed unilaterally or bilaterally, it can be combined with other operations 
such as Estlandei’s or Buiow’s, it can also be combined with lesection of 



Tig 9 — (a) Patient with squamous cell cancer inside the mouth near rights comer 
Triangular excision including upper half of corner of mouth and parts of the adjacent cheeks 
IS outlined Triangular \ermilion bordered flap at lower lip is outlined (b) Before the flap 
defect, the latter was made smaller by closure of the lateral corner The 
pedicle of the flap forms the new corner of the mouth Cc) Four weeks after operation (d) 

The -vertical shortness at the right side of mouth was corrected according to the method of 
tigure 2 

bone I have described the technic in a previous publication Figures 7 and 8 
depict technic and result Lymph-glands, if necessar}^ should be resected 
in a second stage 


CLOSURE OP DEFECTS OF THE CORNER OF THE MOUTH AND 
PARTS OP THE ADJACENT CHEEK 

If the defect includes only one-half of the corner of the mouth (the corner 
part of either the upper or lower Iip), and parts of the adjacent cheek, and 
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if the defect can be made triangular, Estlander’s method is the operation of 
choice The patient in Figtiie 9 is a typical example Before rotating the 
vermilion-bordered triangular flap into the defect, the latter is made smaller 
by starting with closuie of the lateral corner of the triangle until the corner 
of the mouth, 1 c , the remaining half of it, is reached Now, the triangular 
flap IS formed from the sound lip opposite to the defect and rotated into 
the defect as described above In a second stage, the pedicle of the flap 



(a) (b) (c) 

Fig 10 — (a) Patient ^vlth long standing keratosis cancer in right corner of mouth Diamond shaped 
excision outlined (b) After closure of the defect bj starting uitb closure of the comers (c) Same 
patient six months after first operation and fixe months after correction of shortness of nght side of 
mouth according to the method of Figure 2 

is severed and adjusted as shown in Figure 2 This will widen the oral 
orifice and achieve a moie natural corner of the mouth 

If the upper and lower part of the commissure, 1 e , the entire angle of 
the mouth and adjacent paits of the cheek, must be excised, and the resulting 
defect IS of such size that closure can be achieved by simple skin sliding, 
the 'defect should be given a shape, as outlined in Figure 10 An upper and 
a lower triangle with a common base, resulting in a diamond-shaped defect 
The latter is closed by starting with closure of the corners. Fig 10 If this 
procedure results in a microstoma on the opeiated side, the deformity can be 
improved according to the method of Figure 2 

StTMMAKY 

Various operations to close defects of lips alone, or lips, chin and cheek, 
with composite vermilion border-lined flaps from the neighborhood, have been 
described Only those methods have been selected which have proven to be 
of practical value 

REFERENCES 

Abbe, R A New Plastic Operation for the Relief of Deformity Due to Double Hair- 
lip Med Rec, 53, 477, 1898 


222 


Volum* 120 
Number S 


DEFECTS OF LIPS 


Bernard, C Cancer de la levre infeneur opere par un precede nouveau Bull Soc. de 
Chir. de Pans, 3, 357 , i 853 

Brown, J B Switch of Vermilion-bordered Lip Flaps Surg, Gynec & Obst, 46, 
701, 1928 

Buck, G Contributions to Reparative Surgeiy^ New York, D Appleton & Co, 1876 

Burow, C A Bersclireibung einer neuen Transplantations-methode (Methode der 
seitlichen Dreiecke) zum wiederersatz verlorengegangener Teile des Gesichts 
Berlin, Nauck, 1855 

Cannon, B The Split Vermilion-bordered Lip Flap Surg , Gynec & Obst , 73, 95, 1941 
The Use of Vermilion-bordered Flaps in Surgery about the Mouth Surg , Gynec 
& Obst, 74, 458, 1942 

Dieffenbach, J F Chirurgische Erfahungen Abb 3, u 4, p loi, Berlin, 1834 

Estlander, J A Eine methode aus der einen Lippe Substanzverluste der anderen zu 
ersetzen Arch f klin Chir , 14, 622, 1872 

Martin, H E Chiloplasty for Ad\anced Carcinoma of the Lip Surg, Gynec & Obst, 
54 * 914, 1932 

May, H One-stage Operation for Closure of Large Defects of Lower Lip and Chin 
Surg, Gynec & Obst, 73, 236, 1941 

Owens, N Simplified Method of Rotating Skin and Mucous Membrane Flaps for 
Complete Reconstruction of the Lower Lip Surgery, 15, 196, 1944 

New, G B , and Figi, F A The repair of postoperative defects involving the lips and 
cheeks secondary to the removal of malignant tumors Surg, Gynec & Obst, 
62, 182, 1936 

Padgett, E C Cheiloplasty for Cancer of the Lip Internat J Orthod , 22, 939, 1936 

Pierce, G W , and O’Connor, G B A New Method of Reconstruction of the Lip Arch 
Surg, 28, 317, 1934 

Smith, F Reconstructive Surgery of the Head and Neck Nelson Loose-leaf System 

Szymanowski, J Zur plastischen chirurgie Viertelj Ztschr f d prakb Heilk, 
Prag 60, 127, 1858 


223 
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The progressive unilateral or bilateral contracture of the fingers of 
the ulnar side of the hand, which we know as Dupuytren’s contracture, had 
been described prior to 1832, when the great French surgeon whose name 
It bears called attention to the fact that the actual shortening occurred in 
the palmar fascia and did not involve the tendons This observation has since 
been universally confiimed and, on this basis, successful surgical treatment 
has been possible Despite numerous subsequent attempts to explain the 
natuie of the change in the palmar fascia, no satisfactory theory of etiolog)'- 
has as yet been advanced It is the purpose of this paper to show that 
Dupuytien's contracture is due, in a series of cases, to a neoplasm — a 
, cellular fibroma of the palmar fascia 

THEORIES OF ETIOLOGY 

Some of the man}’’ theoiies of the nature of Dupuytren’s contracture may 
be mentioned, though many have not received adequate support to w^arrant 
discussion here Abbott,^ quoting from many sources, mentions the possible 
contributions of a familial tiait , an ulnar nerve lesion , endocrine disturbances , 
and dental and tonsillai sepsis Tliere can be no controversy over the fact, 
repeatedly observed by many writeis, that several persons in the same family 
and in succeeding generations may suffer from the contracture, but this 
interesting fact actually casts no light on the cause or nature of the disease 
The suggestion that theie may be a lesion of the ulnar nerve seems to grow 
out of the predilection of tlie contiacture for the ulnai side of the hand, 
though raiely, if ever, can such a lesion be demonstrated The frequent 
simultaneous occurrence of Dupuytien’s contracture and arthritis, together 
with the difficulty of adequately explaining the cause of either, has led to the 
suggestion that focal infection, thought by many to be implicated in arthritis, 
might play a role in the contracture as >.vell 

Kanavel, Koch, and Mason^ have gathered from the literature five addi- 
tional suggested causes These are trauma (Duouytren himself thought 
the disease resulted from repeated trauma) , local inflammation , lead poison- 
ing, loss of fat with advancing age, and embryonic malformation They 
d'scuss the roles of trauma, “a constitutional vice like gout or rheumatism, 
and heredity In eight out of 29 patients they elicited a definite family 
history of Dupuytren’s co ntiacture They found that their patients had 
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about the same incidence of gout and rheumatism as could be found in a 
group of comparable ages, not suftering fiom contracture Sixteen of their 
patients gave histones of tiauma to the palm to which they attributed 
their disease The authois point out that the histones are all unconvincing 
They ultimately conclude that the etiolog)'^ of the contracture is unknown 
Gill,® and Davis and Fmesilvei^ point out the unlikelihood of trauma 
as an etiologic agent because (a) the disease usually has a late onset after 
the completion of the woiking years, m which trauma to the palms is most 
likely to be sustained, (b) there aie relatively few cases among laborers and 
many among “v lute-collar workers” (Kanavel, Koch, and Mason reported 
321 cases of which 175 occuried in nonlaboiers, while 146 were m laborers) , 
(c) trauma is usually unilateral, vhile the contracture is often bilateral 
(313 cases out of 648 reported by Kanavel, Koch, and Mason) , and (d) 
trauma to the palm is much moie common than Dupuytren’s contracture 
Brooks® has reported a case m which a unilateral Dupuytren’s contrac- 
ture was associated with an aneurysm of the axillary artery, and which almost 
entirely disappeared following proximal ligation and distal reconstructive 
endo-aneurysmorrhaphy of the aneuiysm® In this connection, the author 
recalled as examples of fibrosis associated with impairment of blood supply 
the contracture of Volkmann, and the scarring of the tissues of the leg distal 
to varicose veins 

The suggestion that the contractuie is due to a neoplasm is rare in the 
literature Horak,”^ histologically, found no actual inflammation, and con- 
cluded that the process lay on the borderline between inflammation and new 
growth McWilliams® stated that the process was a “chronic hyperplastic 
inflammation of the palmar fascia and adjacent connective and fatty tissue” 
involving only certain portions of the tissue at a time and producing the 
“small tumors felt in the palm ” 

Ewing,® though he states that the etiology of the contracture is unde- 
termined and does not actually say that it is a neoplasm, implies a recogni- 
tion of its neoplastic character by discussing it in the chapter on fibromata 
m his book, “Neoplastic Diseases ” The issue is somewhat clouded, however, 
by the unfortunate fact that the condition is classified under tumors of 
peripheral nerves in the subgroup “elephantiasis,” which also includes inflam- 
matory types He states “Hyaline changes are not infrequent and the 
structure then resembles that of keloid Occasionally, the structure is more 
cellular and resembles hyaline neurofibroma, with appearance of somewhat 
numerous, large polyhedral cells of uncertain origin ” Unfortunately, the 
vagueness of these statements makes it difficult to be sure whether Ewing 
believed the contracture was neoplastic 

In this connection it is of interest that McWilliams,® Kanavel, Koch, 
and Mason,® Abbott,^ Meyerdmg,^® and Davis and Fmesilver,'^ all emphasize 
the fact that the first symptom of contracture is a palpable nodule in the palm, 
The material for this study comes from 22 hands of 17 patients operated 
upon for Dupuytren’s contracture in the Johns Hopkins Hospital, and from 
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whom excised tissue was saved for study Fifteen cases were in males and 
two cases in females The contracture was unilateral in lo cases and bilateral 
in seven, but one hand of one patient had previously been operated upon 
elsewhere, and the specimen from one hand of another is no longer available 
In 15 patients the history of onset is available and in eight of these a 
nodule in the palm was the first thing noticed, even before contracture began 
Five patients stated that other membeis of their families suffered from con- 
tractures of the fingers In only one case was there a history of trauma to 
the palm, while in three this factor was not touched upon in the history 
The histologic picture of the tissue excised is surprisingly uniform In 
17 hands of 14 patients there are areas of rather cellular fibroma interspersed 
with areas of hyaline-appearing fascia Among the five cases with bilaterally 
operated contractures, from both of whose hands tissue is available, tumor is 

Table I 


FINDI>GS IN SL\nNTnnN CASES OF DUPU\TREN S CONTRACTURE 


Case 



Hands 

History 

Family 

Onset with 

Fibroma 

No 

Unit No 

Sex 

InvoHcd of 

Trauma 

History 

Nodule 

Found 

1 

227601 

M 

1 

0 

+ 

0 

+ 

2 

19S763 

M 

1 

0 

0 

0 

+ 

3 

187206 

M 

1 

0 

0 

+ 

+ 

4 

170333 

F 

1 

0 

+ 

+ 

+ 








0 

S 

135119 

M 

1 

0 

0 

0 

Skin only 

6 

S7S22 

M 

1 

? 

0 

? 

+ 

7 

52836 

M 

2 




0 




1 lost 

0 

+ 

+ Subcutaneous 








tissue only 

8 

44676 

M 

1 

0 

0 

+ 

+ 

9 

36027 

M 

1 

? 

0 

+ 

4- 

10 

35603 

M 

1 

t 

0 

? 

4* 

11 

25406 

M 

2 








1 operated 

0 

0 

0 

+ 

12 

146873 

F 

1 

0 

0 

+ 

4" 







0 

4~ 

13 

262778 

M 

2 

0 

+ 

0 

4^ 







0 

0 

14 

30531 

M 

2 

0 

0 

0 

4* 







0 

D 

IS 

^61976 

M 

2 

+ 

0 

0 

0 







+ 

4~ 

16 

38855 

M 

2 

0 

0 

+ 

4~ 







+ 

4- 

17 

283453 

M 

2 

0 

+ 

+ 

4- 

Totals 


IS male 








2 female 

22 

1 

s 

8 cases 

14 cases 







10 hands 

17 hands 


present bilaterally in three cases, absent bilaterally m one case, and present 
unilaterally in one Of the 17 hands which histologically show fibroma, three 
failed to do so in the original section, and the neoplasm was revealed only 
on serial section of the blocks of tissue saved Serial sections were also made 
from the blocks of the five hands which failed to reveal fibroma, and one of 
these proved to consist only of skin and subcutaneous tissue, while another 
was subcutaneous fat only— indicating that in these cases eithei the operator 
or the pathologist missed the palmar fascia The other three negative blocks 
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show hyahne-appearmg fascia identical with that which is interspersed 
between the areas of tumor in the lemaining cases Since in each case the 
pathologist imbedded for sectioning only a representative piece of the tissue 
lemoved, and since in three cases mentioned above only hyaline fascia was 
seen until the blocks were sectioned serially, it is possible or even probable 
that fibroma was actually present m the negative cases also These data are 
recorded m Table I 


HISTOLOGY OF TUMORS 

The fibromata in these cases aie rather poorly demarcated, fading out into 
the surrounding fascia They aie composed of small, spindle-shaped cells, 
with elongated nuclei which contain finely granular chromatin particles The 
cytoplasm is scanty and poorly outlined These cells are imbedded in a matrix 
of fibrous tissue whose wavy pattern is suggestive of normal fascia or 
tendon There are suggestions of whorls, and the bundles of cells run in 
various diiections, some lying in the plane of, and some perpendicular to, 
the plane of any section No mitoses are seen, and the cells are all quite 
alike Inflammatoiy cells are so rare as to be almost nonexistent Photo- 
micrographs of representative cases of these tumois, demonstrating these 
various .characteristics, are seen in Figures 1-3, inclusive, while a higher 
magnification, to indicate the waviness of the stroma, is seen in Figure 4 

These fibromata are histologically almost identical with the benign fascial 
fibromata seen elsewhere, especially ^^lth desmoid tumors of the abdominal 
wall Two of these latter tumors are shown m Figuies 5 and 6, for comparison 
Figure 7 shows another histologically similai fibroma which arose from the 
fascia of the popliteal space, and Figure 8 is another such tumor which 
originated in the plantar fascia of the foot These latter tumors, while they 
slowly invade the surrounding structures, do not metastasize Quite obviously, 
the bemgnancy of the fibroma seen m Dupuytren’s contracture is confirmed by 
the failure of the literature to record metastasis in any of the many re- 
ported cases 


CONCLUSIONS 

No real conclusion as to the etiology of Dupuytren’s contiacture has 
pieviously been reached In general, various suggestions have been made — 
tiauma, familial trait, focal' infection , ulnar nen>-e lesions, endocnnopathy , 
local inflammation , embryonal malformation , palmar atrophy with advancing 
age, and lead poisoning, etc None has been generally accepted, and much 
of the discussion of etiology has been directed toward proving that these 
are not the causes of the contracture 

While to say that a lesion is a neoplasm is admittedly no explanation of 
Its cause, it at least indicates the general type of abnormality with which one 
has to deal The present study of tissue removed from 22 hands of 17 patients 
with Dupuytren’s contracture reveals areas of cellular fibroma in the palmar 
fascia in 17 hands of 14 patients, while the tissue from two hands does not 
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Fig I — Case i Fibroma of palmar fascia from Dupuytren’s contracture 
Tumor is composed of elongated cells in a fibrous matrix Bundles of fibers 
and cell nuclei course through tumor in various directions 

Fig 2— Case ii Fibroma of palmar fascia from Dupuytren’s contracture, 
Fig. 3 —Case 17 Fibroma of palmar fascia from Dupuytren’s contracture 
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Tig 7 — Fibroma of fascia of popliteal space from a 23 year old white female 
(Compare with Figures 13) 

Fig 8 — Fibroma arising 111 plantar fascia of a aijearold white female 
This tumor had been present since childhood and was 2 cm in diameter 
(Compare with Figures 13) 


include the palmar fascia As has been pointed out, the method employed 
in preparing the specimens for microscopic examination makes it possible 
that tumor was present in the palmar fascia of the three remaining hands 
In addition, in eight of the 15 patients in whom a history of onset is 
available, a palpable nodule in the palm was the first symptom of the disease, 
even preceding the onset of contraction of the fingers This is in agreement 
with the histones, previously quoted by several authors, and seems very 
significant in the light of the subsequent histologic finding of fibromata 
The predominance of males, 15 of 17 patients, as well as the family history 
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of Dupuytren’s contracture given by five patients, agrees with previously 
reported data It would be of interest to see whether other fascial fibromata, 
including the desmoid tumors, have a tendency to familial occurrence This 
point has generally not been mentioned in the recorded cases, and in one 
large series^^’ it was not observed Among 14 patients whose history 
touches on this point, only one gave any suggestive history of trauma to 
the palm 
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The capillary bed, as an organized, functioning unit, offers the logical 
site for a study of shock involving a progressive deterioration and an ultimate 
failure of the peripheral circulation Recently Root and Mann,^ and Page 
and Abell,^ studied this aspect of the problem by making direct observ’^ations 
on the peripheial circulation in the wesentery of experimentally treated 
animals Root and Mann subjected rats to tourniquet shock and reported 
a general congestion of the capillaries which they concluded was not to be 
ascribed to histamine Page and Abell studied the effects of hemorrhage 
and of venous tourniquets on cats and dogs They reported an over-all 
ischemia of the capillary bed resulting from a widespread vasoconstriction 

Unfortunately, m the above investigations, no special attention was given 
to several important points One of these deals with the independent reactions 
of the capillary bed, a feature stressed by those who have made a specialty of 
the capillary circulation, (Lewis,® Krogh,^ Dale and Richards,® and, more 
recently, Zweifach®) A second point is the danger of generalizing from one 
set of observations without ascertaining the extent to -which the vascular 
bed studied is typical A third point, which is probably the most important 
and applies particularly to the observations of Root and Mann, is the 
necessity of rigid precautionary measures for obviating trauma incidental to 
handling of a tissue while prepaiing it for the observations Krogh,^ Landis,' 
and others, have emphasized that even slight abnormalities of the surroundings 
seriously affect the behavior of the capillary vessels This is especially true 
for mammalian tissues where not only a minimum of handling, but also anes- 
thesia, temperature and the make-up of the bathing medium play a crucial 
role The significance of the normal reactivities of the capillary circulation 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and New York University It was also supported by the Josiah 
Macey, Jr Foundation It constitutes the fifth of a series of studies on experi- 
mentally induced shock The first study is listed as No 8 , the second as No 12 
and the fourth as No 16 in the bibliography of the present paper The third study, 
on blood pressure technic, appeared in J Lab & Clin Med , 28, 886, 1943 
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in the dog and rat and the means for maintaining them have been piesented 
in detail elsewhere 

It IS well established that various types of trauma involving fluid loss 
are accompanied by a widespread vasoconstriction Investigatois who have 
examined the peripheral circulation in the cutaneous tissues®’ where little 
or no handling of the tissue was involved m making the observations, agree 
on the development of a marked vasoconstriction lesultmg in complete ischemia 
of the tissue Page and AbelP claim this to be tiue also for the intestinal 
mesentery exteriorized in a specially constructed transparent chamber In 
an earlier publication from our laboratory,^® observations were made simul- 
taneously on the cutaneous vessels of the interdigital web and the visceral 
vessels of the meso-appendix of rats traumatized by the Noble-Colhp drum It 
was found that the vasoconstriction affected the cutaneous much earlier than 
the visceral vessels Moreover, the ischemia of the skin vessels was so complete 
as to render visualization of the capillary bed very difficult even during the 
earlier stages of the shock syndrome On the other hand, the visceral vessels 
remained plainly visible throughout the syndrome and the progressive changes 
m the capillary bed could be readily followed 

An analysis of the structural and functional aspects of the normal peiipheral 
circulation in the frog and mouse has been presented by Zweifach This 
has been more recently amplified by a study of the normal visceral capillary 
circulation in animals which aie commonly used for shock studies, viz, 
the rat and the dog On the basis of the findings on the meso-appendix of 
the rat and the omentum of the dog, a number of well-defined criteria have 
been assembled which make it possible to analyze, more adequately than 
hitherto, changes which are induced by various experimental procedures 

This paper is restricted to a study of the circulatory changes m the 
omentum of morphinized dogs induced by a specific type of graded hemor- 
rhage Hemorrhage as a procedure for inducing shock was selected 

because it offered a relatively simple and controllable approach to the 
problem A study of circulatory collapse induced by acute hemorihage is 
being presented in another paper This study deals more particularly 
with the effect of inducing hypotension in morphinized dogs and of pro- 
longing the hypotension (by repeated small infusions) until a circulatory 
collapse occurs which is refractory to the infusion of all the blood withdravm 
during the syndrome 


TECHNIC 

Pieparation of the Omentum — The dogs were given a subcutaneous 
injection of morphine sulfate (12 mg /Kg ) and, 30 to 45 minutes later, part 
of the omentum was carefully withdrawn through a transverse abdominal 
incision and was spread on a specially constructed moist chamber on the 
stage of a microscope This method, the details of which are given m a 
previous paper, maintains the exposed omentum with a normal circulation 
for six to eight hours The essential feature is maintenance of the entire 
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exposed portion at body temperature and moistened with a constant drip 
of warm gelatin-Ringer’s solution The obseivations ^\ere made on selected 
vessels thioughout the course of an experiment, under magnifications of 
8o to 345 times 

Bleeding The method of bringing the dogs into a hypotensive' state, from 
which they no longer can be restored by the infusion of the blood withdrawn, 
IS essentially that recommended b). Wiggers and Werle ” The dogs ■\\ere 
routinely bled at lo- to 15-minute intervals by the successive removal of 
blood in amounts of 2 o, i o, o 5 and o 25 percentages of the body weight, or 
until the blood pressure reached hypotensive levels below 70 Mm The 
pressure was taken from the carotid, and a continuous record made on a 
k}mograph drum throughout the expeiiment Tlie dogs were first brought 
to, and kept in, moderate hypotension, within the range of 50 to 70 Mm Hg , 
for varying lengths of time, and then were brought into diastic hypotension 
and kept there for another length of time The blood wlthdra^\n was pre- 
served with o 2 per cent sodium citrate for infusion purposes 

The majoiity of the dogs (46 out of 65) could not be kept at the drastic 
hypotensive levels (below 4^ Mm Hg ) foi more than i to i 5 hours without 
showing signs of sudden collapse The lemaining 19 were more resistant 
and, after i 5 hours of drastic hypotension, were further bled cautiousl}- until 
their blood pressure sho^\ed a similai tendency to fall precipitously All 
the dogs were then sustained by small blood infusions (2-3 cc /Kg ) for an 
additional 30 to 90 minutes By this means, it was possible to keep dogs 
in a state which they otherwise could not maintain over a protracted period 

Restoiafion of Blood Volume — ^At the end of a given period of drastic 
hypotension the dogs weie infused with the remainder of the blood which 
had been withdrawn during the hemoirhage Dogs were considered to be 
irreversible if the infusion resulted in a blood piessure rise which was un- 
sustained and which was followed by a drop to shock levels of hypotension 
within one to two hours Dogs weie considered to be reversible if their 
blood pressure rose to, and vas sustained at, normal levels for at least two to 
three hours 

CRITERIA FOR DETERMINING THE STATE OF THE OMENTAL CIRCULATION 

The determination of these cnteiia requires an undei standing of the 
architecture of the capillary bed Data conceining this appear in our 
previous publication ® In brief, the capillary bed is to be regarded as an 
interrelated senes of specificalty functional units, each unit consisting of a 
central channel leading from arteriole lo venule and communicating, by means 
of side-branches, with the true capillaiies Figure i is a diagrammatic sketch 
of such a unit m a portion of the capillary bed m the omentum together with 
the nomenclature and char acteristics of the various stiuctnres 

* The solution had the following constitution in grams per cent in water Granular 
gelatin, i, NaCl, 08, KCl, 002, CaCk, 002 and NaHCOs sufficient to bring the 
solution to />H 7 2-7 4 
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The factors ^^hlch condition the distribution of blood in the capillaiy 
bed act chiefly on the muscular vessels pioximal to the capillaries, eg, 
the arterioles, metarteiioles and precapillai les Listed below are several 
criteria associated with these vessels and with the capillaries and musculai 
venules 

Cahhei of Atfetwles and MusaiJar Vennles — Consecutive changes in 
caliber weie always observed on the same vessels and were loutmely detei- 
mmed under magnifications of 150 to 210 x by comparing them with the 
diametei of the red cells In some cases, the diameters were measured diiectly 
by means of an ocular micrometer 



Thieshold Const) ictor Response to Epinephuie — ^This was obtained by 
applying to the surface of the omentum, thiee to four drops of epinephrine m 
gelatm-Ringer’s solution A deteiniination was made of the niimmal con- 
centration w'^hich temporarily produced a nairowung of a selected metarteriole 
sufficient to interrupt the blood flow into its precapillary offshoots for not 
longer than one to two minutes This was regarded as a threshold response 
and similar tests were made at intervals throughout the experiment The 
omental surface w^as always thoroughly iriigated between successive tests, 
which w'ere spaced at least twm to thiee minutes apart A concentration of 
epinephrine m gelatm-Ringei’s solution of i 6 to 8 million> on the average, 
w as found to be the normal threshold value foi unbled, morphmized dogs 
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Vasomotion— The metartenoles and precapillanes show a characteristic 
periodicity of alternating dilatations (dilator phase) and contractions (con- 
strictor phase) at intervals of about 20 seconds to three or more minutes 
Records were made of several metartenoles and precapillanes before starting 
the bleedings, and these vessels were kept under observation throughout the 
experiment The vasomotion was designated as augmented when the rate in 
periodicity of the dilator and constrictor phases was accelerated and when 
the duration of the constrictor phase was increased over that of the dilator 
phase The vasomotion was designated as dimtmshed when the frequency 
of the periodic movements was reduced and when the duiation of the dilator 
phase became progressively longer than that of the constrictor phase 

Capillary and V enulai Flozv — The rate of flow through the true capillaries 
and venules was noted throughout Under normal conditions, this flow 
IS so rapid that the individual blood corpuscles cannot be distinguished The 
term "slowed” is applied to the condition in which the blood cells could be 
individually distinguished The term "sluggish” is applied when the flow 
was slowed to such an extent that the blood cells become crowded together 
The term "stagnant” indicates an almost complete cessation of flow 

Pooling and Tiapping — This indicates an accumulation of blood in 
1 egions of the capillary bed wdiich are being by-passed by an active circulation 
elsewhere in the bed 


EXPERIMENTAL 

The dogs were subjected to graded hemorrhage after having been given 
morphine, and their omenta exposed for microscopic observation In the 
earlier experiments, dependence was placed chiefly on the hypotensive levels 
attained and on their duration The desired length of the hypotensive 
period was generally determined by small test infusions Later, with 
increasing knowledge of the progressive deviation from the normal condition 
of the omental circulation, it was found possible to use these as criteria with 
which to determine the stage when the dog no longer could be brought 
back to a sustained level of its normal blood pressure by whole blood infusions 
The establishment of these criteria is one of the chief purposes of the experi- 
ments described m this paper 

Many dogs with a blood pressure of 50 Mm were found to be in 
better condition and showed better capillary flow than others with a 
pressure of 80-85 Mm Moderate hypotension was determined to be that 
state m which the capillary flow became significantly slowed with no marked 
change in the outflow by way of the venules Drastic hypotension was 
ascertained by the additional development of a sluggish outflow by way 
of the venules 

The dogs were classified into three general groups on the basis of 
differences in their ability to tolerate the blood loss This is shown in 
Table I, m which the percentage of blood loss and the duration of the 
moderate and drastic hypotensive levels are given for each group When, at 
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the end of the experiments, the original blood volume was restored, ii dogs 
showed a sustained rise of their blood pressure and a complete recovery 
of their omental circulation for two to three hours after the infusion The 
lemaining 54 did not respond and died within one to two hours after the 
infusion 


Table I 


REACTIONS OF DOGS TO SPECIFIED TYPES OF GRADED HEMORRHAGE 



Resistant 

Typical 

Unstable 

Total No 

Blood-loss by per cent of body weight 

Group 

4 0-4 5% 

Group 

3 0-4 0% 2 0-2 5% 

Group 

of Dogs 

Duration, in hours of moderate hypotension* 

3-4 hrs 

3 S-4 S hrs 

1 5-2 hrs 

2-3 hrs 


Duration in hours of drastic hypotension* 

1 S-3 hrs 

I-l S hrs 

2-2 S hrs 

1-1 5 hrs 


No of dogs reversible t" to infusion 

2 

6 

2 

1 

11 

No of dogs irreversible t to infusion 

6 

28 

12 

8 

54 

Total no of dogs 

8 

34 

14 

9 

65 


* Despite variations in the exact level of hypotension, the dogs were kept in a comparable state by regulating 
the bleeding so as to produce in all the animals the same degree of slowing of the omental circulation 
t By reversible is meant a sustained rise of blood pressure and a recovery of the omental circulation for 
2-3 hours after the infusion 

t By irreversible is meant a lack of sustained response of the omental circulation and an unsustained rise 
of blood pressure which lasted not longer than 1-2 hours 


The majority of the 65 dogs, 48 in number (Typical Group) developed 
circulatory failure after being in the hypotensive state (moderate + drastic) 
from four to six hours A smaller number of nine dogs (Unstable Group) 
proved to be very susceptible to the bleeding and reached hypotensive levels 
after being bled as little as i 5 to 2 o per cent of their body weight These 
dogs could not be kept even at moderate hypotensive levels for any extended 
period of time Their blood pressure had a tendency to fall despite the 
restoration throughout a period of two to three hours of their entire blood 
volume by repeated small infusions A third small number of eight dogs 
(Resistant Group) proved to be highly resistant and required bleedings of 
more than 4 per cent of their body weight to lower their blood pressure 
to sustained hypotensive levels These dogs had to be bled repeatedly until 
a point was reached where their blood pressure tended to fall abruptly Unless 
almost their entire blood volume was then restored, they died within 15 to 
20 minutes 

The omental changes were essentially the same in the three groups of 
dogs except for the time required for the different stages to appear and the 
degree to which the changes developed The accompanying charts, summar- 
izing the data of four selected protocols of irreversible dogs, illustrate the 
reactions of eight selected criteria representing the condition of the capillary 
circulation throughout the syndrome The extent of deviation from the 
normal, which is represented by a base line, is expressed by the relative 
heights of the vertical lines At the bottom of each chart is a curve of the 
carotid blood pressure, presented at five-minute intervals The successive 
bleedings and infusions are recorded as black squares below the blood 
pressure curve 
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I — TYPICAL GROUP 

In this category were the 48 dogs of which the total blood loss amounted 
to 3 to 4 per cent of their body weight These dogs were maintained at 
hypotensive levels for 45 to 6 hours, the final one to two hours being at 
drastic levels (below 45 Mm ) The relative lengths of moderate and 
drastic hypotension were varied, 34 dogs being subjected to moderate (55-65 
Mm ) for 3 5 to 4 5 hours, followed by a period of i to i 5 hours of drastic 
hypotension (40-50 Mm ), while 14 were subjected to moderate for i 5 to 
? hours, followed by a relatively longer period of 2 to 2 5 hours of drastic 
hypotension 

Out of the 48 dogs treated in this way eight recovered after being infused 
with the blood withdrawn In these the omental circulation maintained the 
normal unidirectional fiow, although very much slowed during the terminal 
stage The vasomotion of the metarterioles and precapillaries disappeared but 
the epinephrine responsiveness, which became hypernormal during the initial 
stages after the bleeding, never fell below the normal theshold value obtained 
prior to the bleeding 

The remaining 40 dogs pi oved to be in e\ ersible to the final blood infusion 
The protocols of two of these, as representatives of this group, are given 
below, that of Dog 71 being given in detail and that of Dog 64 in part The 
times given in the protocols lefer back to the zero time at the start of the 
experiment, as noted in the charts 

A PROTOCOLS OP DOGS 71 AND 64 

Dog 71 — (Chart i Wt 105 Kg Morphine sulfate, 12 mg /Kg, subcutaneous 
Initial B P, 110-150 Mm Hg Omentum exposed 30 minutes later Capillary circu- 
lation slightly hyperemic, returning to normal in few minutes Metarterioles and pre- 
capillanes showed normal vasomotion with phases alternating at intervals of 45 secs 
to 2 mms Threshold response to epinephrine, i 6 million) 

a Changes Initial to Hypotensive State {0-1 5 hrs after start of bleeding) — ^The 
earliest reactions to blood loss occurred while the blood pressure was falling from 
no to 85 Mm Hg and are not indicated on the chart After the first bleeding of 20 
cc /Kg the larger arteries (7S-150 /x in diameter) underwent constriction (from 75 
to 65 fx.) After the second bleeding of 10 cc /Kg (totaling 3 per cent of body weight) 
tiieir caliber was further reduced to about one-half to one-third the normal size (45-SO m) 
Their accompanying veins constricted after the second bleeding from 100 to 86 /i These 
arteries and veins ren\ained constricted throughout the syndrome and relaxed only 
when the final large infusion was made 65 hours later 

The following appears on the chart and deals with the capillary bed proper 
and with its adjacent arterioles (40-50 /«) and muscular venules (45-60 /i) The 
leactions of the selected criteria are presented separately in the order of their appearance 

1 Vasoconstriction — The muscular venules (50-60 fi) constricted to 40-45 /i within 
15 minutes after the first bleeding • The arterioles (40-50 n) began to be partially 
narrowed during the second bleeding (from 40 to 30 /t) and, by the time the blood 
loss had reached a total of 3 per cent, became further constricted to 20 fi and varicose 
This was the maximal constriction obserr^ed during the sjmdrome 

2 Vasomotion — ^That of the metarterioles was augmented shortly after the second 
bleeding By the end of the first hour, the constrictor and dilator phases alternated as 
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rapidly as two complete cycles per minute During the second hour, the vasomotion of 
the precapillaries was especially prominent 

3 Response to Epmephnne — The responsiveness to epmephiine rose at about the 
same time that vasomotion became augmented After the second bleeding the threshold 
response was l I3 million 

4 Capillaiy Flow — There was little change in the rate of flow although the flow 
became increasingly intermittent during the second hour in accordance with the augmented 
\ asomotion 

5 Vcntilar FIozv — This remained almost unchanged After the third bleeding 
many of the direct shunts between arterioles and veins became considerably nai rowed 
There was a definite slowing of the flow m the larger veins 

b Changes dining Hypotensive State aftei Thud Bleeding (15-65 Ins aftei stait 
oj hevioiiJiage B P , 65 il/in Hg) — The progressive changes in the capillary bed 
during the remainder of the posthemorrhagic syndrome could conveniently be divided 
into three stages When the blood piessure fell to moderate hypotensive levels, there 
was an appreciable slow'ing of the flow but the hypei i eactive aspects of the syndrome 
continued for about four hours, during wdiich 2 cc /Kg was infused to hold the blood 
pressure within the range of 55-65 Mm after four hours of moderate hypotension The 
blood pressure w'as further lowered by a small bleeding This introduced a more 
severe curtailment of flow and the development of a tiansitwnal stage in which the 
hyperreactivity of the vessels was gradually lost over a period of about an hour Finally, 
during the last half hour of drastic hypotension and for 20 minutes after the final infusion 
of whole blood had been started, the syndrome passed into a hyporeactive stage 

HYPERREACTIVE STAGE 

1 Vasoconstiictwn — The arterioles maintained the constricted state noted during 
the early compensatory reactions The venules remained moderately narrowed until 
the beginning of the fourth hour, when they began to distend from 40 to 45 fi 

2 Vasomotion — ^The augmentation attained one cycle every 15 to 20 seconds, with 
the constrictor phase lasting about tw'o-thirds of each cycle Towards the end of the 
fifth hour, the length of the dilator phase became progressively increased 

3 Response to Epmephune — During the last hour of this stage (6th hour) the 
hjfperreactivity of the metarterioles and precapillaries fell slightly from i 13 million 
to 1 10 million 

4 Capillaiy Flow — During the third and fourth hours the rate of flow remained 
unchanged Most of the flow was restricted to the central channels by the constriction 
of the precapillaries 

5 Venulai Flow — The venular flow”^ began to fall off withi*! 30 minutes and dimin 
ished appreciably toward the end of the fifth hour 

TRANSITIONAL STAGE 

1 Vasomotion — That of the metarterioles diminished, the dilator phase becoming 
increasingly longer and the constrictor phase very short 

2 Venular Caliber — The venules (45-60 g) became dilated from 45 g to 
65 g and exhibited markedly thin walls 

3 Venular Flow — This became increasingly sluggish 

4 Capillary Flow — A marked slowung became evident, especially during the fifth 
hour This w^as accompanied by a developing deficiency of outflow' through the venules 
The diminished vasomotion of the metarterioles and the longer periods of dilatation of 
the precapillary sphincters w'ere accompanied by an increase in the number of capillaries 
containing a flow This increased distribution of blood, without a corresponding 
increase of the amount of inflow, resulted m a significant slowing of the flow, 
especially on the venous side of the bed, which w'as intensified by the atonic state of 
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the muscular venules The flow m the larger omental veins became considerably reduced 
and was now maintained mostly by the few arteriovenous anastomoses which still 
were open 

S Response to Epinephrine — ^Within 20 minutes after the curtailment of the capillary 
flow this fell from the hyperreactive response of i 10 million to a relatively normal 
response of i 4 million 


HYPOREACTIVE STAGE 

1 Vasoniotion — This ceased m the metarterioles with the dilator phase persisting 
That of the precapillaries stopped 20 minutes later 

2 Response to Epinephrine — There was only a fleeting constrictor response to 
I 2 million 

3 Venules and Venulai Capillaries — ^These became distended by backflow from 
the congested veins 

4 Aiterioles — The relaxation of the arterioles developed later than in the venules 
and the previously very slow forward flow was replaced by a pulsatile movement of 
the blood 

5 Stagnation of Blood — Many of the capillaries and venules were stagnant 

c Changes Follozuing Restoration of Blood Volume by Infusion — At this point (after 
4 5 hours of moderate and i 5 hours of drastic hypotension) a drip infusion was started 
and continued until all of the blood previously withdrawn had been restored During 
the 30 minutes that the infusion lasted the blood pressure rose to 90 Mm Hg When 
about 8-10 cc/Kg (one-third of the blood to be infused) had been given, the con- 
stricted omental arteries gradually resumed and maintained their normal caliber 
The larger veins relaxed at about the same time but became abnormally dilated during 
the ensuing 50-60 minutes The blood pressure then again fell to hypotensive levels 

There was no improvement in the peripheral circulation until about 20 minutes after 
the infusion was started and the blood pressure had risen to about 80 Mm Hg At 
this time the capillarj flow became moderately speeded but slowed down again after 
40-50 minutes The previously dilated arterioles became slightly constricted* and there 
was a faint return of vasomotion of the metarterioles The epinephrine response to 
I 4 million became more evident than before, and this degree of responsiveness lasted 
for 30 minutes when it fell off rapidly 

About one hour after termination of the blood infusion, while the blood pressure 
was still about 70-80 Mm Hg , the capillary flow began to slow down and became 
almost completely stagnant as the blood pressure slowly dropped below 70 Mm 
Backflow from the larger veins into the capillary bed now became prominent and a 
generalized stagnation occurred with the death of the dog 

Dog 64 — (Chart 2 Wt 9 Kg Morphine sulfate, 12 mg /Kg, subcutaneous 
Initial B P , 120-130 Mm Hg ) 

The omental changes in the chart of Dog 64 were closely similar to those of Dog 71 
This protocol is presented because it illustrates particularly well that blood pressure 
and peripheral circulatory curtailment do not go hand m hand Between the fourth 
and fifth hours, when the blood pressure was relatively high, varying between 65 and 
80 Mm, there was a decided slowing of the capillary flow and a more drastic slowing 
of the venular flow A similar circulatory curtailment m Dog 71 did not occur until 
the blood pressure had dropped to 50-55 Mm Hg Moreover, later, during the fourth 

*Only occasionally do the arterioles m the irreversible stage of shock respond to 
the infusion by a temporary moderate constriction, as in the above case As a rule, 
the dilatation of the arterioles is one of the final evidences of irreversibility, and, follow- 
ing infusion, they become still further dilated 
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and fifth hours, when blood infusions of 3-4 cc/Kg were given, the venular caliber, 
vasomotion, venular and capillary flow remained subnormal despite the temporary rise 
of the blood pressure by 20-30 Mm which occurred with each infusion During the 
sixth and seventh hours the infusion of all the blood withdrawn (by three separate 
injections) had no appreciable action on the peripheral circulation, although it kept 
the blood pressure from falling precipitously 
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Chart i — ^Tabulation of protocol of Dog 71, representing typical group The chart shows the 
changes in we capillary bed of the omentum in their relations to blood pressure, bleedings and infusions 
in a dog which became irreversible to infusion of the blood withdrawn The upper eight rows repre 
sent Ranges in selected functional criteria 

The deviations from the normal are expressed by the relation of a continuous graph line to the 
normal base hne In all the criteria, except for epinephrine reactivity, thi^ represents changes recorded 
continuously by direct observations The epinephrine reactions were obtained at intervals, and each is 
recorded on the chart by a solid circle 

The blood prpsure curve repiesents carotid readings at five minute intervals, each with maximum 
ana minimum values obtained during a 30 second period The horizontal lines at 75 and 50 Mm , 
respectively, represent shock levels of hypotension 

, ■ ^ — Tabulation of protocol of Dog 64, also of typical group It illustrates the unreliabilitj 

ot blood pressure as a criterion of circulatory changes Explanatory legend same as in Chart i 


B — ANALYSIS OF CHANGES IN OMENTAL CIRCULATION IN DOGS 
OF THE TYPICAL GROUP 

The two protocols, prepresenting the 40 irreversible dogs of this group, 
demonstrate that definite circulatory changes occur as the hemorrhagic 
syndrome progresses towards irreversibility In all the cases, the initial 
large bleedings of 2 to 3 per cent of body weight ivere accompanied by a 
vasoconstriction of the larger aitenes and veins and a restriction of the 
omental circulation with an augmented vasomotion of the metarterioles and 
precapillaries Throughout this period the epinephrine reactivity \vas hyper- 
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normal and, in some cases, rose from a normal threshold level of i 4 to 6 
million to as high as i 60 million This hyperreactive state generally per- 
sisted for three to five hours after the initial bleedings 

During the period of hypotension, the subsequent small bleedings were 
followed not only by the mechanical factor of a pronounced slowing of the 
flow but also by a progressive deterioration of the functional aspects of the 
bed The earliest manifestation of this was venular dilatation The other 
outstanding effects, vis , diminution of the vasomotion and the fall of epineph- 
rine responsiveness, vaiied as to time and degree in different dogs and 
are discussed below 

The majority which tolerated a total blood loss of 3 to 4 per cent and a 
relatively long period of moderate hypotension resembled Dogs 71 and 64 
This was also the case for six of the 14 dogs with a short moderate hypotension 
which were bled expressly to bring them into drastic hypotension The re- 
raainmg eight showed a spontaneous tendency for the blood pressure to fall 
and did not requiie bleeding to bring them early into drastic hypotension 
These eight maintained the vasomotion and the normal epinephrine reactivity 
of their metarterioles almost to the time of death, thus indicating that at 
least some of the physiologic properties of the capillary bed had not deteriorated 
Their circulatory failure presented essentially the effects of a mechanical 
type The ensuing circulatory failure may be attributed, in large part, to a 
marked trapping and pooling of blood in the capillary bed 

A few relatively unstable dogs were maintained at low hypotensive levels 
of 40 to 50 Mm for as long as 2 to 3 5 houis by repeated small infusions 
(3-4 cc /Kg ) In spite of the infusions, the blood persisted in pooling and 
stagnating in the peripheral circulation and there developed a backflow into 
the capillaries which finally became so intensified as to prevent the return 
of adequate amounts of blood from the tissues With this type of extreme 
hypotension the syndrome became irreversible to infusion Although neither 
the epinephrine reactivity nor the vasomotion was completely depressed, the 
restoration of the blood wathdiawm did not bring the stagnant blood m the 
bed into active circulation and the dogs died within 20 to 40 minutes after 
the infusion 

Another interesting feature was the variation in the effect of the sustaining 
small infusions on the recovery of some of the physiological functions of the 
capillary bed Dog 64 was an example of those cases in which the small 
infusions exerted no appreciable effect on the capillary bed However, m 
other dogs, the capillary bed did react, particularly in regard to the epineph- 
rine reactivity, which rose temporarily, although progressively less, with 
each sustaining infusion Vasomotion, on the other hand, when once sub- 
normal was never obsen^ed to recover as long as the hypotension remained 
at drastic levels 

II — ^UNSTABLE GROUP 

This included nine dogs wdiich were unusually susceptible to bleeding 
Considerable care had to be taken while bringing them into hypotensive levels 
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to prevent a precipitous fall of their blood pressure They also had to be 
frequently primed with small infusions in order to maintain them in hypo- 
tension for any extended period Only one of the nine dogs was found to 
be reversible by blood infusion This dog had stopped breathing and required 
a massive blood infusion before respiration reappeared The depressed omental 



Chart 3 Tabulation of protocol of Dog 70, representing unstable group Explanatory legend same 

as in Chart i 

Chart 4 Tabulation of protocol of Dog 25, representing resistant group, which requires frequent 
bleedings Explanatory legend same as in Chart i 


circulation was restored to normal within 15 minutes after the infusion had 
been made 

Dog 70 — (Chart 3 Wt 12 Kg Morphine sulfate, 12 mg /Kg, subcutaneous 
Initial B P , 95-120 Aim Hg ) 

Prior to bleeding the epinephrine response was i 4 million and the vasomotion 
recurred one cycle in two to three minutes A blood loss of 285 cc (2 38 per cent of 
body V eight) in four bleedings brought the blood pressure down to the 60-67 Mm 
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range and appreciably slowed the flow through the bed Within i 5 hours after these 
bleedings the hyperreactive aspects of the circulation were disappearing The venules 
became atonic and distended as early as the end of the second hour Both the epinephrine 
reactivity and vasomotion, which had been only moderately enhanced, fell off rapidly 
during the early part of the third hour The cessation of vasomotion was followed 
by an almost complete stagnation of the capillary flow These changes rapidly produced 
a pooling and trapping of blood on the venous side of the bed as early as 25 Lours 
after the initial bleedings and after only one hour of hypotension Throughout the 
third and fourth hours, seven infusions of whole blood, each about 3 cc/Kg, were 
lequired to keep the dog from precipitously going into circulatory collapse Although 
these temporarily sustained the blood pressure, none exerted any beneficial action on 
the peripheral circulation Respiratory failure occurred during the latter half of 
the fourth hour, necessitating artificial respiration The hyporeactive state persisted 
despite the infusion of the final 70 cc of blood and complete circulatory collapse 
occurred at the end of the fourth hour Throughout the final 60 to 70 minutes, the 
omental circulation was practically at a standstill, except for a sluggish flow in the 
largest arteries and veins 


in — ^RESISTANT GROUP 

This included eight dogs which were highly resistant and required repeated 
bleedings to counteract the tendency of the blood pressure to rise out of the 
hypotensive range The following is a summary of the protocol of Dog 25, 
v/hich was selected as representative of this group 

Dog 25 — (Chart 4 Wt 10 Kg Morphine sulfate, 12 mg /Kg, subcutaneous 
Initial B P , 1 30-140 Mm Hg ) 

A blood loss of 3 per cent of the body weight brought the blood pressure down to 
moderate hypotension (55-65 Mm ) which persisted for over two hours Throughout 
this period the flow through the bed was rapid, although restricted to the central channels 
by the hyperactivity of the vasomotion At the beginning of the third hour, the blood 
pressure showed a tendency to rise, and during the ensuing two hours seven bleedings, 
of 2 to 3 cc /Kg each, had to be made to prevent it Deterioration of the capillary circu- 
lation did not develop until after the fourth hour, when the capillary blood flow began 
to slow down Within the next 40 minutes, all of the selected features were depressed 
below normal Two small bleedings (3 cc/Kg) brought the blood pressure to drastic 
levels of hypotension (42-52 Mm ) , and the capillary circulation to a sluggish state 
This brought about chiefly a marked pooling of .blood m the venules At this point 
(after 45 hours of hypotension) an infusion, restoring the blood volume (39 cc/Kg), 
raised the blood pressure but had no sustained beneficial action on the peripheral circula- 
tion The blood pressure remained above 70 Mm for about i 5 hours, when the 
dog went into cardiac and respiratory failure and died Such animals are extremely 
difficult to recover by infusion 

Discussion — prerequisite for any experimental study of the capillary 
circulation is the establishment of adequate criteria for determining the normal 
functional state of the vascular bed Too much stress cannot be placed on 
the necessity of rigid adherence to precautionary measures for preventing the 
observational technic from interfering with the normal reactivity of the 
sensitive, organized systems of the capillary bed A discussion of such 
measures is given in a previous publication ® 
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The omentum was elected in the present study because, in contrast to the 
cutaneous tissue, its circulation is maintained throughout the greater part 
of the hemorrhagic syndrome It has been claimed, because of the pale and 
ischemic appearance of the omentum at autopsy, that this structure is not 
the logical site for the study of significant vascular changes in circulatory 
collapse On the other hand, in the present study, the successive changes 
111 the omental cii dilation have been shown to serve as an excellent end- 
point for evaluating the progressive nature of the syndrome No attempt 
has been made at an analogy between the circulatory changes observed m 
the omentum and those occurring in other tissues However, the findings 
are suggestive in that they bring out the type of change occurring in a 
typical capillary bed as a result of the ischemia produced by hemorrhage 
In previous studies® on the frog and mouse it was shown that the type 
of capillary bed described in this paper is characteristic of those in the 
skin, striated muscle, intenstinal submucosa and the pancreas Hence although 
the omental changes may not be of direct significance in precipitating the 
circulatory failure, in all likelihood they reflect conditions which occur m 
other organs where such changes may be of paramount importance 

Wiggers^^ recommends that whenever possible a differentiation be made 
between initiating and consequential mechanisms during the shock syndrome 
The results presented in this paper, insofar as the capillary bed is concerned, 
point to the appearance, in succession, of two outstanding mechanisms 
leading to so-called irreversible hemorrhagic shock The initiating mechanism 
is that of widespread vasoconstriction, which follows immediately and is 
proportional to the blood loss The consequential mechanism consists of 
a series of changes which result from the curtailment of the blood flow 
through the capillar}'" bed 

The initiating mechanism of vasoconstriction is well recognized and, by 
some, has been taken as the prime feature in shock Vasoconstriction in the 
microscopic vessels of the skin following hemorrhage has been observed in 
dogs by Meek and Eyster,® and Mann,^® in rabbits by Levinson and Essex,^^ 
and in rats by Chambers, Zweifach and Lowenstein In our present study 
on the dog’s omentum, vasoconstriction was also observed only when the 
blood loss amounted to about 3 to 3 5 per cent of the body weight 

On the basis of changes in the capillary circulation following hemorrhage 
it was possible to distinguish between two discrete types of peripheral circu- 
latory failure In our^® studies on acute hemorrhage it was shown that the 
initiating mechanism of excessive and rapid blood-loss is emphasized to such 
a degree that circulatory collapse occurred without the development of other 
consequential mechanisms in the capillary bed This involved a purely me- 
chanical type of circulatory failure in which vasoconstriction of the larger 
blood vessels and lowered blood pressure by themselves produced the semi- 
stagnation of the flow and the pooling of blood in the capillary bed This 
type of circulator}'^ failure is completely reversible by adequate blood infusion 

Our dal&. on the effects of acute hemorrhage conform with the results 
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of Page and AbelP from their experiments on circulatory failure in dogs 
and cats caused by the acute removal of blood They obtained similar 
results with the use of the venous tourniquet and generalized that circulatory 
failure m shock is piimarily a result of excessive vasoconstriction They, 
thus, considered the initiating mechanism as the only important factor in 
shock However, it should be noted that their tourniquet experiments involved 
venous ligatures on all four limbs This induces considerable swelling of 
all the limbs and the results could be interpreted from the same point of 
view of excessive fluid loss as obtains m acute hemorrhage 

The introduction of consequential factors in hemorrhagic shock occurs 
by maintaining the dogs, through the use of small infusions, in a state in 
which a sluggish capillary circulation persists over a protracted period of 
time The ensuing type of circulatory failure involves a progressive 
deterioration of those mechanisms which maintain the functional integrity 
of the capillary bed From our observations on the omentum it was found 
that, with graded hemorrhage, the initial, compensatory hyperreactivity of 
the syndrome persists as long as the blood pressure does not fall below the 
level needed to maintain a continuous peripheral flow The consequential 
mechanism producing the hyporeactive stage comes into play when the 
blood pressure is maintained for at least 2 to 2 5 hours at levels at which 
the capillar)'- circulation is slq^wed sufiiciently to impair the outflow through 
the venules 

In the present study dependence was placed on the duration rathei 
than on the degree of hypotension required to bring about irreversibility 
Our results indicate that this produces a more standardized type of shock, 
and agree with the findings of Wiggers and Werle With the omental 
circulation as a guide, the syndrome was further standardized by bleeding all 
of the dogs until the flow through the capillary bed was significantly retarded, 
but not stagnant The maintenance of this condition for two to three hours 
set into play local mechanisms which, undei normal conditions, would act to 
increase the blood flow through the tissue (diminished vasomotion with the 
dilator phase predominating, reduced responsiveness to epinephrine, thereby 
presumably reducing the response of the muscular elements of the capillary 
bed to nervous stimuli, and the opening up of numerous capillary channels 
to the circulation) These changes in the capillary bed may be attributed 
to the piling up of metabolites in the tissues Moreover, when the supply 
of blood and the propelling force are deficient, the opening up of the capillary 
bed for the reception of increased amounts of blood aggravates the general 
situation The result is twofold The drainage of the blood from the capillary 
bed continues to be faulty, and the inadequate and severely strained hemo- 
dynamic set-up IS subjected to further strain by having a greater number 
of vessels through which to drive the blood These conditions serve to 
bring about a further disorganization of the peripheral circulation, a prominent 
feature of which is atony of its muscular components A vicious cycle of 
events is thus initiated through the interaction, on the one hand, of a trapping 
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and pooling of blood m the peripheral vessels and, on the other, of a dis- 
turbed metabolism of the tissues 

The terms “trapping” and “pooling” have been used to denote the pro- 
gressive sequestration of blood from the active circulation Fine, Sehgman 
and Frank,^^ using radioactive tagged plasma-proteins, have offered evidence 
that the “lost” blood in the syndrome is sidetracked into inactive capillary 
vessels and not lost through inci eased capillary permeability Our studies offer 
visual evidence for this and indicate that trapping and pooling develop on the 
venous side of the capillary bed during the hypoieactive stage of the hemor- 
ihagic shock syndrome Trapping occurs as a 'result of the inadequate 
driving force for propelling the blood through all of the vessels, so that 
appreciable amounts of blood are left to stagnate m many capillaries which 
are by-passed by the active circulation Pooling occurs subsequently with 
the failure of the most impoitant peripheral, integrative factor of the 
capillary bed, viz , the vasomotion of the metarterioles and of the pre- 
capillaries The capillary bed now becomes an inert network of vessels 
with no active role in the distribution of blood and m its return from 
the tissues 

With the loss of the integrative functional activity of the capillary bed, 
the outflow of blood through the venules becomes disproportionately reduced 
with respect to the arteriolar inflow There thus accumulates m the capillary 
bed an ever-increasing proportion of the blood The trapping and pooling, 
though small, are sufficient to intensify the oligemia until circulatory collapse 
ensues This pooling does not necessarily indicate the accumulation of more 
than the normal amount of blood in the capillary bed, the amount at death 
being actually less than that normally present 

Circulatory collapse, following the development of hypo reactivity m the 
irreversible dogs, is essentially the result of a discrepancy between the volume 
of the circulating blood and the capacity of the vascular system The changes 
in the omentum suggest two possible mechanisms which can take part in 
precipitating the circulatory failure These are illustrated in Chart 5, which 
is a diagrammatic presentation of the outstanding changes representative 
of all the dogs studied One set of changes emphasizes an intensification of 
the oligemia through pooling and trapping m the capillary bed (note sequence 
of changes on right side of the figure) The other set of changes intensifies 
the oligemia by an increase in the capacity of the vascular tree through the 
deterioration of the peripheral mechanisms for restricting the blood flow 
through the capillary bed (note sequence of changes on left side of the figure) 
When a group of dogs are bled, so as to produce circulatory failure, both 
types of circulatory changes develop, regardless of the hemorrhagic procedure 
used The mechanical type of failure predominates when the degree of hypo- 
tension and the blood-loss factor are emphasized On the other hand, the 
hyporeactive type of failure predominates when, as in the present study, the 
duration of hypotension is emphasized 
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SUMMARY 

Characteristic indices in the capillary bed of the omentum of dogs sub- 
jected to graded hemorrhage under morphine have made it possible to 
identify successive stages of the syndrome leading to a state in which the 
dogs become irreversible to the restoration of their blood volume with whole 
blood These stages are an initial hyperreactive stage, an intermediate 
transitional stage and a terminal hyporeactive stage 

Under the conditions of generalized ischemia during hemorrhagic shock, 
the vessels of the capillary bed undergo progressive physiologic changes 
expressed by an inactivation of the muscular vessels of the bed, with loss of 
their responsiveness, and a disorganization of the peripheral circulation 


CIRCULATORY CHANGES IN OMENTUM OF DOGS 
SUBJECTED TO GRADED HEMORRHAGE 
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Chart 5 — On right side of chart are indicated 
changes resulting from extreme blood loss (greater 
than 4% of bod> weight) with little or no hypo- 
reactivity On left side of chart are indicated 
changes resulting from less extreme blood loss (3 
4%) with development of a hyporeacti\e state be 
fore circulator> fTiIiire 


This IS in contrast to the reactions of the larger blood vessels, which maintain 
an active state of constriction until shortly before death 

It was possible to distinguish in the capillary bed between two clear-cut 
types of changes during the progress of the syndrome The first involves 
a purely mechanical factor which arises from the lowered blood pressure and 
from the vasoconstriction of the larger blood vessels The absence of a 
sufficient propelling force induces a marked slowing of the capillary flow 
and the pooling of blood in the bed This is characteristic of rapidly induced 
drastic hypotension and tends to be reversible to the restoration of the blood 
lost The second type, which occurs when the drastic hypotension is suffi- 
ciently prolonged, involves a progressive deterioration of the functional 
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integrity of the capillary bed, t e , loss of arteriolar and venular tone, of 
vasomotion, and of responsiveness to epinephrine 

CONCLUSIONS 

From our observations on the peripheral circulation of the omentum, 
a significant finding is that the development of irreversibility to infusion 
!«: associated with a hyporeactive state of the functional aspects of the 
capillary bed The hyporeactivity pe) se does not necessarily imply irre- 
versibility The hyporeactivity must be maintained for a protracted time 
The actual end-point indicating irreversibility is the failure of the hypo- 
reactive capillary circulation to respond to test infusions Restoration, at 
this stage, of all the blood previously withdrawn may mechanically set up 
a flow through the bed but will not restore the physiologic reactivity of 
its muscular components The significance of the changes observed in the 
capillary bed is further demonstrated by the fact that they reflect the pro- 
gressive deterioration of the animal throughout the hemorrhagic shock 
syndrome 

We wish to acknowledge the very able assistance of our laboratory technician, 
Leon Dziorney 
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TWO HUNDRED CASES TREATED TVITH PODOPHYLLIN 

Maj O S Culp, M C , and Capt I W Kaplan, M C 

STATION HOSPITAL 

Camp Bowie, Te\as 

Condylomata acuminata not only are pathologic “nuisances” but 
occasionally they reach proportions which constitute serious clinical problems 
Reliable statistics regarding their incidence are not available but it is 
generally agreed that they aie extremely common The fact that i8o indi- 
viduals with typical lesions were seen by us during the past nine months 
adds proof to this contention The great variety of therapeutic measures 
which have been recommended illustrates the inadequacy of most methods 
of treatment The purpose of this report is to present the diamatic results 
vhich we have obtained with podophylhn There is reason to believe that 
this drug may be a “specific” for condylomata acuminata 

The etiology of these growths remains unknown They present rasp- 
berry, cauliflower or cockscomb masses, which are soft, red or cyanotic, 
often friable, and may be sessile, pedunculated or attached by a broad base 
They must be differentiated from carcinoma and condylomata lata of 
syphilis, but this usually is not difficult Mixed lesions may occur and 
complicate the clinical picture 

Condylomata acuminata have been described in many locations, usually 
on or near the genitalia, and have been given the misnomer “venereal warts ” 
In the present series, they were found on the penis, the labia, the fourchette, 
lining the vagina, at the urethral meatus, around the anus, on the perineum 
and on the scrotum (Table I) They had been present for one day to 
eight months, with the average duration three months All of these patients 
were less than 36 years of age, and 90 per cent were white 

Podophylhn is a powder which varies in color fiom light brown to 
greenish-yellow, and turns darker when subjected to heat or light It 
IS an irritant and active purgative and is the basis of several proprietaiy 
“liver pills ” Various strengths of podophydlin have been tried in the 
treatment of condylomata acuminata but a 25 per cent suspension m 
mineral oil has proved most efficacious and has been used in the 200 cases 
which comprise this report 

The podophylhn in oil is applied with a cotton swab to the surface 
of the lesions This is a painless procedure and there is no immediate 
leaction Anesthesia is not required, because of the viscosity of the oil 
and close approximation of normal tissues redundant prepuce) it is 

impossible to keep the podophylhn confined to the condylomata, but in most 
instances this does not alter the therapeutic effect of the drug Within 
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a few hours the growths become blanched, and 24 to 48 hours later 
they appear necrotic The condylomata begin to slough on the second 
or third day and promptly disappear No ulceration or scarring is left 
at the bases The adjoining normal tissue usually is unaffected even 
though it has been exposed to the same medication Most patients 
experience no discomfort during the entire process and only rarely is 
sedation necessary There have been no systemic reactions to any of 
the 249 treatments employed in this group of 200 patients This type 
of therapy is so simple and the clinical courses so uneventful that it is 
performed in the clinic or office and hospitalization is unnecessary The 
minimum loss of time to the patient has made it especially valuable among 
military personnel 

No satisfactory explanation of the more or less specific action of 
podophylhn on the condylomata is possible at this time The most logical 
assumption is that the irritating power of the drug produces spasm 
of the small vessels, which m turn causes ischemia, necrosis and sloughing 
The blood supply of the condylomata apparently is more susceptible to 
the 25 per cent suspension than that of the more viable, adjoining, normal 
tissues The podophylhn also seems to dehydrate the condylomatous masses 
Irrespective of the exact physiology involved, the dramatic results obtained 
in these cases indicate that podophylhn is of tremendous value in the treat- 
ment of condylomata acuminata 

All of the 200 patients in this study were cured regardless of the numbei, 
size, location or duration of the growths Only one application of podophylhn 
was needed for 81 5 per cent, while an additional 14 5 per cent were cured 
by a second treatment No one required more than four applications of the 
drug In 72 5 per cent of the cases, complete recovery occurred within 
four days, while only 65 per cent required more than eight days for dis- 
appearance of the growths No discomfort was experienced by 83 5 per cent 
of the patients and only 2 per cent required any sedation (Table I) 

Because of the movements of military organizations, complete follow-ups 
have been impossible There have been nine known recurrences of the 
condylomata (4 5 per cent) but others may have occurred In each of these 
nine cases, response was prompt to additional similar treatment with 
podophyllin Inasmuch, as the etiology of the initial lesions is unknown, 
there is reason to anticipate recurrences or new growths after any type 
of therapy The causative factors no doubt continue to exist in many cases 
despite prompt disappearance of the original growths Initial and recur- 
rent lesions respond equally well to podophylhn, and this appears to be 
the treatment of choice for all condylomata acuminata 

The minor variation m clinical courses with lesions in different locations 
are demonstrated by the following group analyses (Table I) 

Penis— A total of 168 patients had condylomata acuminata on the penis 
The only instances of associated venereal diseases were m this group Nine 
patients had acute gonococcal urethritis and five had chancres These were 
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tieated by accepted methods and did not influence the course of the con- 
dylomata or result in recurrence 

The number of growths in each case varied from single lesions to clusters 
of as many as 25 pedunculated tumors with the average six These varied 
m size from 2 Mm m diameter to conglomerate masses covering the glands 
or filling the coronal sulcus Most of the discrete lesions were o 5 to i o cm 
in diameter 

Table I 


ANAL-iStS OF 200 CASES OF CONDYLOMATA ACUMINATA TREATED WITH PODOPHYLLIN 




No of Treatments 

Days Until Cured 

Pam 


v 

D 



Total 










Req 



Recur- 

LocTtion 

Cases 

1 

2 

3 

4 

2-4 

5-8 More 

None 

Mild 

Sed 

Lues 

GC 

rence 

Penis 

168 

148 

88 1% 

16 

9 5% 

2 

2 

134 

79 8% 

30 

17 8% 

4 

150 18 0 

89 3% 10 7% 

5 

9 

8 

Female 

genitalia 

15 

9 

60% 

6 

40% 

0 

0 

7 4 

46 6% 26 7% 

4 

2 

13 3% 

9 

60% 

4 

0 

0 

0 

Urethra 

10 

2 

20% 

5 

so% 

2 

1 

2 

20% 

5 

50% 

3 

10 

100% 

0 

0 

0 

0 

1 

Anus 

4 

3 

75% 

0 

0 

1 

1 

25% 

2 

50% 

1 

2 

50% 

2 

50% 

0 

0 

0 

0 

Male 

perineum 

2 

1 

so% 

1 

50% 

0 

0 

1 

50% 

0 

1 

50% 

2 

100% 

0 

0 

0 

0 

0 

Scrotum 

1 

0 

1 

100% 

0 

0 

0 

1 

100% 

0 

1 

100% 

0 

0 

0 

0 

0 

Total 

200 

163 

29 

4 

4 

145 

42 

13 

167 

29 

4 

5 

9 

9 



81 5% 

14 5% 2% 2% 

72 5% 

21% 

6 5% 83 5% 14 5% 2% 2 5% 4 5% 4 5% 


The condylomata were found most frequently m the coronal sulcus or at 
the frenulum but occurred at any point along the shaft or mucous membrane 
of the redundant prepuce (Fig i) Four patients had been circumcised 
prior to the onset of the lesions, thus dispelling any claims that circumcision 
alone is adequate prophylaxis Twenty patients had been treated previously 
with escharotics ivithout complete disappearance of the growths 

Only one application of podophyllin was necessary to produce complete 
disappearance of all lesions in 88 i per cent of these patients (Fig 2) Only 
four patients required more than two tieatments An interval of four 
to SIX days was employed between applications in these cases 

The condylomata had entirely disappeared and the sites appeared normal 
within four days m 79 8 per cent of the patients (Fig 2) An additional 
178 per cent were well in five to eight days Those patients who required 
repeated treatment automatically had longer intervals until cured 

No discomfort of any kind was noted by 89 3 per cent of the patients 
The remaining 107 per cent had only mild buining None of these required 
sedatives The same patients (total of 18) had some degree of chemical 
balanoposthitis All had very long prepuces The balanoposthitis was mild 
and subsided quickly in all but three cases The tissue reaction was severe 
in these three instances and, because of marked prepucial edema, dorsal 
slit was done This may not have been absolutely necessary In each of 
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these three cases complete disappearance of the condylomata was found at 
operation and the balanoposthitis subsided promptly after surgical exposure 
of the glans No balanoposthitis oi edema has been observed since the 
patients have been advised to wash olf the podophyllin 24 hours after 
Its application 

Eight of our nine known recurrences were in this group These appeared 



Fig I Fig 2 

Fig I — Multiole condylomata in coroml sulcus and along mucous membrane of prepuee 
(Photograph by U S Army Signal Corps) 

Fig 2 — Same patient four days after single application of podophyllin in oil 
(Photograph by U S Army Signal Corps) 

from one to six months later and in each case, one additional treatment 
caused disappearance of the lesions Several patients have been followed 
nine months without recurrence or new growths 

Hospitalization was necessary only for the three patients who were 
subjected to dorsal slits 

Female Gemtaha — Fifteen women had condylomata acuminata on the 
genitalia Eight of these weie pregnant The growths have been known 
to fill the vagina and require cesarean section This promised to be true in 
at least one of this group 

The lesions were confined to the labia in nine cases, to the fourchette 
in two patients and were scattered throughout the vagina in the remaining 
four They varied in size from o 5 cm in diameter to a condylomatous mass 
which filled the vagina of one patient who was eight months pregnant In 
most instances four or five growths were present 

No patient in this group required more than two applications of podophyllin 
and 69 3 per cent were cured within eight days The remaining four patients 
had disappearance of the condylomata in 9 to 14 days 

These patients experienced more pain than any other group The four 
with diffuse vaginal involvement required codeine or morphine Only two 
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patients, with lesions limited to the labia, had no discomfort Sedation was 
necessary for only 12 to 24 hours • 

No recurrences have been noted Treatment of the condylomata did 
not disturb any of the eight pregnancies 

UietJua — ^Ten males had single lesions just inside the urethral meatus 
These were o 2 to o 6 cm in diameter Only two were cuied by one treatment 
Urination caused premature removal of the podophyllm from the condylomata, 
thereby, necessitating repeated applications of the drug Five patients were 
well after two treatments Two patients required three applications and 
another needed four An interval of four days was used between treatments 
Because of’ the prolonged therapy, only two patients were cured within 
four days Five \vere w^ell in five to eight days and the remaining three 
patients had disappearance of the growths m 9, 14, and 21 days, respectively 
None of these ten patients had any pain 

One patient, whose condyloma disappeared after a single treatment, had 
a recurrence two months later This disappeared after two treatments 

Anus — Four males had clusters of condylomata surrounding the anus 
at the mucocutaneous margin Three were cured within one week after a 
single application of podophyllm The fourth patient required four treat- 
ments, and was well in 16 days 

Two patients had no discomfort but the othei two had mild burning 
pain for 24 hours No recurrences have been observed m this group 
Penneum — Two patients had condylomata on the perineum, midway 
between the anus and the base of the scrotum ^ Three pedunculated growths, 
each I cm in diameter, were present in one case, while the other presented 
two such lesions 

One patient w^as cured four days after one application of the drug and 
the other was well in ten daj-s but required two treatments No pain was 
experienced m either ca=e No recurrence has been observed in four months 
Sci ofum — One patient had 25 discrete condylomata, each about o 5 cm 
in diameter, scattered over the left side of the scrotum Two treatments (with 
an interval of four days) caused complete disappearance of all lesions in 
one week without discomfort There has been no recurrence in three months 
Comment — ^Tomskey, Vickery and Getzofi: have reported excellent 
results in the treatment of granuloma inguinale with podophyllm Two such 
cases which failed to respond to other therapy at this hospital were cured 
promptly with 25 per cent podophyllm m oil 

The oil suspension and powdered drug have been used by us in removing 
excessive granulation tissue from surgical wounds with dramatic success 
It appears to be far superior to the conventional silver nitrate m this respect 
Podophyllm has been of no value, however, in the treatment of typical, 
horny verrucae, of condylomata lata of syphilis or of benign rectal polypi 
This drug appears to be most efficacious m removing soft granulomatous 
tissues, and its clinical applications may not be exhausted Further studies 
pertaining to additional therapeutic values of podophyllm are being conducted 
but as }et are inconclusive 
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SUMMARY 

Podophyllm has been found to be unusually successful m producing 
piompt and complete disappearance of condylomata acuminata regardless of 
size, number, location or duration of the growths The drug is best applied 
as a 25 per cent suspension in^ mineral oil Anesthesia and hospitalization 
are not necessary There is minimal time lost from any type of physical 
activity 

Most fesions disappear within four days after a single application of 
the drug Growths within the urethra usually require two or more treat- 
ments None of our patients required more than four topical applications 
No ulceration or scarring results and the surrounding ' normal tissue 
usually IS unaffected by the drug In isolated cases of extensive application 
under long prepuces some balanoposthitis may develop but thorough washing 
24 hours after treatment promises to prevent this and not interfere with the 
end-result 

The convalescence is usually entirely painless but some patients, especially 
those with extensive involvement of the vagina, may require sedation 

Recurrences or new growths are to be expected since the etiology of 
condylomata acuminata remains unknown, but these, likewise, respond quickly 
and completely to the same treatment 

Podophyllm appears to be capable of destroying most types of gran- 
ulomatous tissue and additional clinical applicability probably will be 
forthcoming 

The dramatic results obtained in this series of 200 patients with con- 
dylomata acuminata on the penis, female genitalia, perineum, scrotum, 
urethra and anus, and the simplicity of the treatment with podophyllm, 
prompt us to recommend more general adoption of this type of therapy 
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MEETING HELD AT CHICAGO, ILL 
MAY 3-4, 1944 

ADDRESS OF THE PRESIDENT 

THE STATE OF THE ASSOCIATION 
Frederick A Colder, M D 
Akx Arbor,- Mich 

The American Surgical Association is sixty-five years old today At 
no time in its distinguished and illustrious annals have we its membeis 
been confronted with so many issues basic to the future of our profession 
and to our field of specialization It is, therefore, with more than usual 
humility that I seek for words with which to thank you for giving to me for 
this brief moment the ultimate honor m American Surgery, and to signify my 
sense of lacking those qualities so needed in times of change, urgency and 
crisis 

For two years and a half our nation, with its allies, has been engaged 
in war, a struggle to the death against barbaric and brutal forces of darkness 
The ferocity and enormity of it have torn deeply into the structure of 
civilization and into our lives, and have destroyed most of our peace 
time plans and visions Every member of our Association has taken a 
part either in the planning on the home front or in active prosecution of the 
conflict in the Armed Forces, to the limit of his strength and ability The 
time IS not yet when we can summarize and evaluate these efforts, but let us 
express now our admiration and appreciation of the many from the Association 
and from our profession who have been and are now so ably and unselfishly 
carrying on the high purpose of medicine on active service with our Armed 
Forces over all seas and on all lands 

I am sure we have all wondered at times in the past year what more we 
should be doing to maintain the standards for which we have long struggled 

* Delivered before the American Surgical Association, May 3, 1944, Chicago, III 
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and how best we might direct our activities to keep abreast of, and if possible 
to lead, the changes that are taking place in the shifting relations of medicine 
to oui social structure Since these changes carry an implied challenge to our 
past performance and veil the futuie with uncertainties it has seemed to 
make it important to bring before you now some of the issues that present 
themselves to us as individuals and as membeis of the Association, there- 
foie, I shall limit myself to a simple recital of those that seem most pertinent 
to Surgery at this time Of necessity, I must repeat many of the points 
emphasized m the Piesidential addi esses of my recent predecessors, notably 
those of Aithui Dean Sevan, Dallas Phemistei, Vernon David and Evarts 
Giaham in his reincai nation of Founder Gross The puipose of the Asso- 
ciation IS in general known to all of us, but lest we forget let me repeat from 
the Constitution "The object of this Asssociation shall be the cultivation 
and impiovement of the science and ait of suigeiy, the elevation of the 
medical piofession and such other matteis as may come legitimately within 
its sphere ” This is the broad view, one that we have at times forgotten 
and represents a goal toivaid which we should constantly reorient ourselves 

RELATIONS TO THE SOCIAL STRUCTURE 

The relations of tlie medical piofession to the social structure of our 
country have been under discussion foi years, the threat of change becoming 
moie and more acute Whethei the free competitive type of practice under 
which we have giown up shall m pait or wholly be replaced by a controlled 
and subsidized method of caring for the sick is a possibility that confronts 
us Many forms of coopeiative piactice have been suggested and there 
seems little doubt but that the profound social and economic conditions 
that will follow the war will lesult in significant and perhaps revolu- 
tionary changes in medical piactice It is not timely to elaborate here 
upon plans foi future medical care, but one may state that thus far in 
the face of thieatened change, the leaders of medicine have spoken at times 
in muted voice and in feeble tone We can only hope that medicine will 
provide statesmen of sufficient stature to direct these movements into the 
high levels towaid vhich we have striven during the time when medicine 
was under the dominance of the individual As an association, perhaps we 
do not wish to attempt participation m such leadership, but whether we 
wish It or not we have a duty and an impoitant interest m safeguarding 
our ideals of surgical practice if there come changes in the established 
methods of caring for those who are ill At present there are forces working 
to remould Medicine through the more or less violent actions and reactions of 
pressure groups The future health of the nation is worthy of greater 
consideration and if ever it be managed with an appreciation of its worth, 

It would demand a Minister of Health in the Cabinet with competent advisors 
from the laity and the profession who together could work out in an orderly 
fashion a plan that would be for the betterment of all A statesman has said 
"The health of the people is the first concern of government”, and we can 
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rightly insist that it be given statesmanlike consideration rather than that it 
be detei mined by political expediency 

RELATION TO MEDICAL EDUCATION 

Under the stern necessity of war theie have come almost unbelievable 
changes in medical education the pattern of which has been so slowly and 
painfully developed in the past thiity years The selection of students for 
entrance to Medicine is now in part in the hands of the repi esentatives of 
the Army and the Navy Premedical training is shoitened and its content 
changed, while the medical course itself is accelerated to a continuous per- 
formance We are all heartily agreed with these or with any courses that 
will win the war and safeguard the health of our fighting men but we must 
realize that these changes are those of expediency and that they will give 
birth to vexing problems m the futuie A study of medical education at 
this time discloses a self-confessed detei loration of instruction in many 
schools with the possibility of a serious breakdown in most, if there occur 
further depletion of faculties, lowering of educational requirements, or a 
let-down in the personnel qualifications of trainees assigned to medical 
schools Graduate Training worthy of the name has ceased The present 
9-9-9 program is a distinct aid in caiing for sick and injured civilians, 
but contributes little to what we have come to consider true Graduate 
Education In the endeavor to spiead the intern crop as widely as possible 
to help out the home front, many men are forced to accept internships in 
hospitals where training is viitually absent or present only in what might 
be described as a tiace in preparation for their career in the Army and the 
Navy This means that after the war there will be from 20,000 to 30,000 
young men who will have had educational opportunities of a chaiacter inferior 
to those offered in the prewar peiiod 

It IS true that in many instances the tiainmg and experiences gamed 
in Service will compensate in part or wholly for these deficiencies There 
IS no doubt but that the discipline, necessity for independent decision and 
habit of cooperative action acquired on active service, develop many admirable 
traits better than do any other school However, many of these young 
men will demand further training of the orthodox variety after hostilities 
cease 

This task falls directly on the shoulders of those of us who have remained 
at home and the manner in which we cany it out will importantly determine 
the character of surgical service rendered to this country for the next genera- 
tion There has been set up from our profession a committee for Post-War 
Planning for Medical Services with representatives from the American 
Medical Association, the American College of Suigeons, and the American 
College of Physicians and the Army, Navy, Public Health Service and the 
Veterans Facility which is working to prepare to fill the needs and wishes 
of the demobilized medical officers In order to get some idea of what 
the medical officers now in Seivice will vant after demobilization, a ques- 
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tionnaire will be sent to every medical reserve officer on active duty It 
IS hoped that these returns will claiify to some extent the problems that 
face us A subcommittee is now active m studying the question of providing 
Graduate Training in the medical and surgical specialties for those whose 
training has been interrupted or never started because of service with our 
Armed Forces Feeling that the members of this Association should have 
the opportunity and would have the will to direct these efforts to enlarge 
and improve schemes for advanced training in surgery and its specialties, 
a committee was appointed in November with the sanction of your Council, to 
explore the field and to seek advice and help from every member of the Asso- 
ciation This committee will work with the main committee for Post- 
War Planning and carry your thoughts and aid to it While no one can predict 
with accuracy what the needs of the future will be, we can plan to meet 
certain demands that inevitably will be made on our clinics, hospitals and 
schools Judging from personal correspondence with men on Active Service, 
their desires for further training in Surgery will cause them to fall into 
several well defined categories 

Fiist Many well trained men will want refresher courses designed to 
refamiharize them with those phases of civil surgery not seen in military 
experience The demand will be not only on the clinic but also on the labora- 
tories of the basic medical sciences 

Second A larger group will comprise those men who have had an 
internship or a short residency who will seek training that will prepare them to 
take the Specialty Board Examination This offers many delicate and 
difficult problems to us and to the Boards By and large, the Boards will 
give credit for one year spent in military service with credit beyond that time 
given only after a careful evaluation of work actually done We must provide 
opportunity not only for those whose training has been held up by the war 
but we have a duty as well to the on-coming medical graduates, and those 
worthy of advanced training in both classes should receive it In order to 
accomplish this objective we will have to increase the number of available 
lesidencies, by increasing the numbei of hospitals where such training is 
available and by temporarily at least enlarging the number of residencies 
in those hospitals where acceptable training is now offered The American 
College of Surgeons is committed to a greatly enhanced effort to stimulate 
and aid hospitals in setting up new- schools of Graduate Training and there 
IS no doubt but that the number of hospitals giving adequate training will 
be materially increased In the past, there has been the greatest divergence 
in the methods used in carrying on advanced training in the hospitals of 
this country Most frequently it has been effected by precept, in the ward 
and the operating room Its greatest weakness has been in the lack of a 
proper integration of the clinical and basic medical sciences A rescrutmy 
of our methods of training with the addition to it of more opportunities for 
study of anatomy, pathology, physiology and chemistry in relation to clinical 
problems would enable us to offer our residents better training at more 
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truly university levels and would enlarge the nurnber of those to whom such 
training could be offered In short, the stimulus of meeting the challenge of 
this emergency may well be the opportunity to reorganize and improve the 
quality of our Graduate Teaching 

In the past the opportunities for Graduate Training have been offered to 
a carefully selected group and many of the men who now will want advanced 
training would not have qualified for it in the ordinary course of events It 
IS natural that one will be influenced m choosing a resident by a man’s 
Service record, but this alone is not enough , m addition he must be competent 
and intellectually worthy of this training I do not know how best to select 
men from this gieat group for Fellowship and residencies, except that each 
of us will instinctively use the old yardsticks that we have found satisfactory 
in the past, and we should not be satisfied with short measure since, aftei 
all, our responsibility is to the American people of the future as well as to 
aspirants of today 

Residencies and Fellowships require money, and while the government 
may offer financial support to veterans for vocational training, we would be 
well advised also to plan to meet these needs from other sources Resi- 
dents are essential to the proper functioning of a hospital, yet, m the past 
hospitals have been willing to pay everyone on the staff except the physicians 
in training There is every reason why hospitals should support residents 
who not only improve the care of the patient but make up their staff m 
the future We should not only seek for funds with which to carry additional 
residents but we should increase their stipend to a level of financial decency 
Hospitals, Medical Schools, Foundations, private individuals all should 
be approached for the money to carry forwaid this training program so vital 
to the health -of the nation for the next two decades If every member of 
this Association, who is not in the Armed Forces supported a Fellowship for 
three years, it would be a minor financial burden to us and would give training 
to 200 men If we put our minds to it, the financial difficulties could largely 
be settled within the resources of our own communities 

A thud group, a much smaller one, should be borne m mind, that is, 
those men qualified to do and desirous of carrying on research We should 
have laboratories and financial support ready for them on their return It is 
imperative that opportunities for investigation be given every young man who 
wishes to do research, as after this war the torch of science will still be 
burning in only a few spots on the earth After the war only Russia and 
Great Britain, of the great European nations, will be able to foster scientific 
investigations and they will be carrying m addition a tremendous load in 
reconstruction and readjustment Following the destruction caused by 
years of heroic and bitter war, China will be obliged to start her schools 
from scratch and wull look to us for aid in training those wdio will care 
for the health of her enormous population and rebuild and develop her 
medical centers South America wall w^ant even closer intellectual association 
with our schools and clinics, in the face of the weakness or absence of the 
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European medical centers with which they formerly were associated The 
thought of these responsibilities is a staggering one, but if dwelled upon will 
serve to bring home to us the importance of planning and preparation for 
post-war graduate study and research not only for our own but for a 
large part of the world 


SPECIALISM 

« 

We as an Association are vitally interested in every phase of surgical 
evolution Since our organization in 1880, there have been many changes in 
surgical practice brought about by the rapid development of knowledge and 
technics The increase of specialism has more than kept pace with the 
speed of our intellectual art itself but its earlier manifestations were sporadic 
and without continuity It was not until surgery itself began to advance 
after the conquest of pain and sepsis in 1846 and 1867 that specialization, 
as we know it today, had its origin The founder of our Association, 
Samuel D Gross, stated in 1876 that “It is safe to say that there is not 
a medical man on this continent -who devotes himself exclusively to the 
practice of surgerj'- and that American medical men are general practitioners 
and cover the entire field of medicine, surgery and obstetrics ” At the 
present time appi oximately 50,000 men m the United States specialize and 
at least 25,000 limit themselves to practice in some one field There are 
now twelve special departments of surgery, all of them except obstetrics and 
gynecology have had their origin in what we call general surgery These 
surgical specialties w'ere originally created by general surgeons wdio because 
of opportunity or interest devoted their main efforts to one phase of their 
art True specialization is a striving for perfection and we ow'^e a great 
debt to those who have by their efforts in limited fields so greatly enhanced 
our knowledge of the whole At the time when our system of medical 
education w^as so radically reorganized and put on its present basis, com- 
mercial specialism based solely on a desire for income, and justified by a 
two weeks course in Vienna, w^as a threat to honest specialization, a menace 
to the public, and a shame to our profession In the time that has passed 
since then, through our owm efforts, expanded through the Colleges and 
Boards, we have put the requirements for specialization on a high plane 
Granting that special study and perfection of technics in a chosen field have 
increased oui knowdedge and skill, the establishment of rigid lines of separation 
from the parent stem offers dangers for the future To quote Victor Bonney 
“Whereas befoie their advent, the surgeon made the specialty, it is now' 
possible for the specialty to make the surgeon ” A specialty justifies itself 
only so long as it advances the border lines of knowdedge in its field, because 
of intensive application to it or because it develops the technic peculiar to 
that field to a high degree To carrj' on a specialty on the latter grounds 
IS a convenience to the surgeon and may benefit the patient, but as a basis 
for training succeeding generations it presents many dangers since technics 
may become dominant while the fundamentals of surgery are neglected When 
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a specialty becomes static and the aspirant m that field is trained solely in 
the specialty, he will tend to become a mere technician, with a limited useful- 
ness and a narrow vision If the process continues, his successors trained 
by him, m turn, will fall heir to progressive limitations We will all agree 
that better surgical work is done in any field if one concentiates one’s effoits 
on that objective, on condition that one is well founded and informed on surger}-- 
as a whole Specialization is necessary and desirable but only if it con- 
tinues along the broad path in which it had its origin As a matter of fact 
w^e all are specialists, since each of us has his own particular field of talent 
These aptitudes are developed by our own interest or foiced upon us by 
chance, opportunity, or b}'’ some paper or book we have wiitten I often 
wonder, what is a general surgeon^ The most one can say is that those 
of us who call ourselves general surgeons take pride in believing that Ave 
look upon the bod}’’ as a w’hole and exhibit an interest in studying its 
responses to abnormal conditions of disease In addition w’e may be known 
for our dexterity in thyroidectomy, colectomy, gastrectomy or pneumonectomy 
These are our specialties, and of course many men who call themselves 
specialists would, under this concept, qualify as general surgeons But if 
we all indulge in specialism to some degree, w’e all must admit the necessity 
of a broad training in the fundamentals befoie limiting our efforts to one 
phase of the art What w’e should strive for is not to make everyone a geneial 
surgeon, but to make all wdio practice in any surgical field, Geneials in 
Surgery The thoughtful men in all fields of surgical endeavor admit the 
necessity of close integration and cohesion betw’een fundamental and special 
training One year ago Vernon David brought this matter to youi attention 
and appointed a committee to explore the possibilities of a basic examination 
in Surgery for all aspirants to surgical practice of any type In General 
Medicine, such a basic examination in the bioad principles of medicine is 
given, and is a requirement for the candidate before he can seek ceitification 
as a specialist Unfortunately in Surgery, there has not been the same co- 
ordinated development of standards for certification due in some part to the 
long past reluctance of members of this association, either to recognize the 
need for standards or to aid in their establishment Consequently, standardiza- 
tion of surgical practice in this country has developed from many roots The 
xA.merican College of Surgeons w’as formed in 1912, and first setup require- 
ments for admission to Fellow’ship At that time graduate training m surgery 
and Its specialties w’as practically nonexistent except through the apprentice 
system The task of passing upon the capability of those doing surgery 
in a great nation, m places varying m size from cities with millions to villages 
w’lth but hundreds, w’as a difficult one and impossible of accurate achievement 
One cannot, however, overestimate the importance of the event although this 
is often overlooked by those who ciiticize the College for accepting Fellow’s 
w’ho w’ere deemed unworthy The difficulty la}"- m a complete absence of 
accurate yardsticks of excellence and m the struggle to reconcile practice 
in city and in country The American College of Surgeons not only attempted 

263 



FREDERICK A COLLER Atmals of surgery 

September, 1944 

to designate the skillful in practice, but it improved the tools with which the 
surgeon worked Through the standardization of hospitals, it provided the 
surgeon with an environment in which he could have every facility and in 
\vhich the well-being of the patient was safeguarded Through its com- 
mittee on Graduate Training, it has aided hospitals in developing facilities 
for advanced education and has consistently urged that these facilities move 
toward higher educational levels As time went by, standards for educational 
lequirements for admission to Fellowship were raised slowly, but one may 
prophesy surely, in the attempt to include and reconcile the different types 
of practice m town and city 

In the meantime the Surgical Boards were organized, by which highei 
standards were set The Board of Ophthalmology was organized in 1916 
Later there came Boards m Otolaryngology, Obstetrics and Gynecology, 
Dermatology and Syphilology, and, in 1933, the American Medical Asso- 
ciation authorized the Council of Medical Education and Hospitals to 
formulate standards of administration for Boards to be based upon the 
form of those alieady established There are now fifteen Boards, nine 
of which are related in some degree to Surgery The American Board of 
Surgery organized at the initiative of this Association came into active being 
in 1937 and has had an outstanding lecord of influence and stimulation 
Thus through a series of historical accidents, one may become certified 
as a surgeon by passing through any one of the nine portals of the Boards 
or under the arch of the College We cannot turn back the clock and we 
must admit that both the Boaids and the College fulfill important functions 
and should be given our cordial support It is regrettable that so many 
ways of reaching the heights have been heun but m the last analysis this 
redundancy of effort has been due to the rapid development of surgery 
and its specialties and to the pride of the specialist in making his own path 
to his own particular field One may well ask, would it not be to the best 
interests of surgery to cooidinate and amalgamate m some way the standards 
of that Art? All of the Boards require a knowledge of the Basic Sciences in 
relation to health and disease, and e\er^one will admit that this knowledge 
It fundamental to everyone worthy of the title Surgeon no matter what his 
specialty may be Could not there be developed a basic examination in 
surgical fundamentals that would be taken by all those wishing to become 
candidates for the Boards and for Fellowship in the American College of 
Surgeons ? Passing such .an examination would be a pi elimmary to later 
taking the Final Examination of the Specialty Boards and would admit the 
successful candidate to Junior Membership in the American College of 
Surgeons Such a system would anchor firmly the specialists in the parent 
Art and Science and would bring together the various now divergent agencies 
that have a common cause, that is, the advancement of Surgical Practice and 
Service These ideas have been discussed by the members of your com- 
mittee and will be reported to you through the Chairman, Doctor Whipple 
Meetings have been held with a similar committee from the American College 
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of Surgeons, Boaid of Orthopedic Surgery and the American Board of 
Surgery It is hoped that some progress has been made m bringing about 
a cohesion in surgery that, if finally efifected, will restore us to a state so 
that we may strive together towards a common goal All of us must study 
this possibility and if, finall)’’, it is deemed advantageous action may come 
Tradition and custom have decreed that the American Surgical Asso- 
ciation shall remain a comparatively small organization but they likewise 
insist that we constitute a Forum in which the new advances m Surgery 
shall be presented each year It is a question whether the two are longer 
compatible You are familiar with the facts concerning our development, 
as they have frequently been presented to you The year the Association was 
formed, the membership was set at 150, and the population of the country 

was 50 million At that time, there were few specialists and it was a rarity 

for anyone to limit his w'ork to surgery In 1939 the membership was 
raised to 175 and the active membership has been increased slightly by 
lowering the retiring age to Senior Membership, and young men, not 
members of the Association, have been allowed the privilege of presenting 
papers if they are sponsored by a member These changes have been 
nelpful but the}'- have not adequately solved the difficulties We have admitted 
the necessity of having as members those in Surgical Specialties who are 
adding knowledge and conducting research in their chosen fields We value 
the membership of these men and our programs have gained in breadth 

and interest by their contributions, but there is reason to believe that we 

would profit by a still wider representation of leaders in the specialties in 
our membership 

In considering the size and sphere of activity of the Association, we 
have apparently neglected to take into account our greatest contribution 
Graduate Training in Surgery is largely a development since 1920 and has 
done more to stimulate original scientific work in surgery in this country 
than has an)’- other force A large part of the advance in surgery m the 
past 20 years has been due to the efforts of these young men in our labora- 
tories and clinics, and a familiarity with surgical literature or an acquaintance- 
ship with the younger group as they have come up for examination by 
Surgical Boards, impresses one with their superlative ability and their 
potentialities for leadership Certainly everyone who passes a Surgery 
Board is not automatically a candidate for membership in the Association, 
but we must recognize the fruit of our Graduate Training Program and 
realize that never before in our histqry have we had so many capable young 
men engaged in forwarding surgical knowledge from whom we could profitably 
select new members We should learn of their work at first hand and if 
^ve do not give them opportunity here they will develop societies of their 
own and leadership will drift from us Most of them are now engaged in 
caring for the wounded, but many of them are worthy of our consideration 
and ve should look forward to their incorporation into the Association when 
they return If the Association is to maintain its proud place and live up 
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to Its original tenets, we must recognize the almost unbelievable changes that 
have taken place in the personnel of our ranks due to our own efforts at 
bringing training m Suigei}'^ to higher educational levels The popula- 
tion of the country is now nearly trebled since the initiation of our organiza- 
tion, approximately 20,000 men in this country limit their ^\ork to general 
surgery alone Our Ameiican Boaid of Surgeiy has certified 3000 men 
and othei Suigical Boards have ceitified more than this number Surely to 
get the best fiom these, we could ■well consider some enlargement of our 
membership During the next few }ears there will be available only a 
comparatively few vacancies for membeiship due to the passage of a like 
number of our members of the 60 mark As we stand now, only one other 
force may increase this number, but let us hope it will operate feebly, or 
not at all 

Whether oui membership is inclusive enough to lepresent major surgical 
pi ogress m teaching, research and in the clinic, we can leave for the moment 
Do we now give opportunit} to all of our members who wish to present their 
work and ideas ^ Evei since I have been a member there have been many 
papers lead by title, often the number thus offered has been nearly as large 
as those read on the floor While w'e admit the difficulties and sincerity of 
the hard working program committee, many of our members have been 
piqued at having a paper over which they have slaved, thus presented by 
a sentence At tunes resentment has been felt by those ivlio did not get on 
the piogram and the apprehension of being passed by has often acted as a 
deterrent to further effoits If this feeling could be removed, it is more than 
likely that the number of papers submitted would immediately be doubled 
It would indeed be the rare paper submitted by any one of our members that 
would not be w 01 thy of the audience 

In order to give oppoitunity for presentation of a larger number of papers, 
some adjustment of piesent practice ivould be necessary The first meetings 
of the Association w^ere held for three days, in fact our By-Law’'s read that 
“The meeting shall continue for three days, unless otherwase ordered b)’’ a 
majority vote ” Some time in the historical past the meetings dwindled by 
half a day and this year, as a w’^ar measure, perhaps with the fear that there 
would not be material enough to run the course, it was reduced to twm days 
Suggestions have been made many times that we could increase the number 
of papers read by allowing ten minutes for their reading The possibilitj’^ of 
having sections running simultaneously on papers of like interest has also been 
mentioned Under our present system,, discussion is often more limited than 
IS the demand for it Certainly everj'^ effoit should be made to stimulate our 
members to present their work and to make each one feel clearly that his 
productions are solicited and welcomed This problem of enlarging the pro- 
gram IS one for study and I hope that the appointment of a committee wnll be 
authorized to make such recommendation as will enable an enlarged and more 
completely representative program to be offered at our future meetings 

The question of enlarging the membership in the Association is one that 
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has been much debated and one that is answeied m diveigent manner by our 
membeis Theie must be a membeiship that uould lepiesent our maximal 
efficiency to cairy out the avo^^ed aims of the Association This pioblem has 
been the subject of study and might piofitably become so again because of the 
accelerated tempo of scientific progiess In the meantime, confronted as 
■\\e are %Mth so few vacancies in oiii lanks and wnth the many brilliant 
young men in all fields of suigical activity who could add to our prestige, 
might we not consider again the adMsability of a modest enlargement 
now^ It IS fi\e 5 ears since the membeiship was increased by 25 This 
increase has been well digested I suggest that, in addition to filling the 
vacancies that occui e<ich yeai we add foi the next five years five men each 
}ear This would increase 0111 actne membership to 200 in that time, certainly 
not a number larger than would contain the outstanding contiibutors to 
surger} m this country and Canada I believe that without some increase at 
this time we cannot lemain tiuly repi esentative and that this enlargement 
wall greatly strengthen the Association If the pioblem is studied, as it 
should be and further changes seem advisable, they can be readily effected 
at any time by a lote of this body 

In conclusion, I w'ould like again to pay tribute to the membeis of our 
Association and to the thousands of young men who aie caring for the sick 
and wounded on the battle fidnt They have earned our deepest giatitude and 
their w^ork merits oui highest admiration We read with piide the reports 
that come from the Suigeon-Generals of the Aimy and Navy in wdiich are 
emphasized the vast impiovement in the suigical care of our injuied 
soldiers and sailors over those of previous wars The public pi ess ascribes 
this great advance as due to some product of laboratoiy mgenuit}'’, such as 
plasma, sulfa, and penicillin These aie meie adjuvants that wull eventually 
be replaced by better things, but the public likes to gloiify the gadget 

The truth is that the health of our Aimed Foices and those of our allies 
is being guarded by the best trained, most capable medical officers ever to 
ser\'e with any armies in the histoiy of w'ar They aie giving a vital and 
vivid demonstration of the w^orth of the methods of teaching and training 
developed since the last w^ar The modem miracles of medicine and surgery 
are due to the men who perfoim them not to any minutiae of their technics 
For their skill and devotion we acclaim them, taking piide in the fact that in 
some part at least, w^e have set the goal that they have reached The 
future of Medicine and Surgery will be biilliant m then hands, 111 the present 
It IS our task to prepare the way for then home-coming in such fashion that 
standards of training and achievement wull be maintained and that the Ameri- 
can Surgical Association will continue to hold the high pait in Surgical leader- 
ship it long since assumed in the past 
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Described by Bugadtei Genet al Rankin as "one of the finest dissertations on man- 
agement of wounds which has been submitted through the Office of the Surgeon 
General of the U S Army,” this paper by Colonel Churchill, arrived just as we 
weie closing the fiist issue of the Annals of Sukgery devoted to the ti ansae twns 
of the American Surgical Association It was immediately accepted to appear in 
the Annals with the Transactions as a contribution by Col Churchill, in absentia 
The Editors join the Association in welcoming this fine report from an important 
battle aiea, and in congratulating Col Churchill for his high accomplishment’ 
in the field and in reporting such excellent work 


THE SURGICAL MANAGEMENT OF THE WOUNDED IN THE 
MEDITERRANEAN THEATER AT THE TIME OF THE 

FALL OF ROIME 

Colonel Edavard D Churchill, m c , a u s 

"I would remind you again hozv laige and vatwus was the experience of the battle- 
field, and how fertile the blood of warriois in rearing good surgeons” 

T Clifford Allbutt 


FOREWORD 

BY 

Brig Gen’l Fred W Rankin, M C 

DIRECTOR SURGERl DIVISION V S ARM\ 

The present-day health standards of our troops and survival 
rate among our wounded have been unequalled in the history of war- 
fare Perhaps one of the most important factors contributing to this 
highly gratifying record has been the role played by the professional 
consultants whose functions may be broadly described as administra- 
tive, correlative, advisory, educational and analytical Consultants in 
the major £elds of endeavor have been attached to every Service 
Command in the Zone of Interior and to all active Theaters of Opera- 
tions Selected on the basis of their special training and extensive 
background and on their eminent qualifications, they have been able 
to perform an incalculably valuable function in promoting higher 
standards of medical practice in this war 

As Surgical Consultant to the North African and Mediterranean 
Theater of Operations and representative of this group. Colonel 
Churchill has done more than improve the quality of surgery per- 
formed in this Theater Uniquely equipped to perform his mission 
and imbued with the true scientific spirit, he early recognized the 
inadequacy of certain preformed concepts in the surgical management 
of the wounded With this flexibility of mind and with an elastic 
organization, he has utilized an investigative approach and drawn 
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upon battlefield experience to evolve more rational and effective 
methods in the surgical care of the wounded. In this article, he has 
epitomized these observations and principles which constitute not 
only a contribution to war surgery but also to the advancement of 
medical science. 

Wound management may be divided into three phases — initial, repara- 
tive and reconstructive The first two are concerns of an overseas theater 
The latter is the mission of the Zone of the Interior 

INITIAL SUNGERY 

The initial surger} of the forward area is primarily directed toward the 
preservation of life and hmh The immediate physiologic disturbances incident 
to blood loss and the ^\ound itself are corrected by both resuscitative and 
surgical measures Wound infection is prevented or controlled by surgery 
and chemotherapy 

Resuscitation from shock has two goals fiist, to render the casualty trans- 
portable and pieserve his life until a hospital can be reached, and second, 
to prepare the casualty to withstand life saving surgical procedures Shock 
as observed in the forward area is caused by whole blood loss except in 
burns, crushing injuries or rapidly advancing infection Plasma is used m 
the divisional area to prepare the v ounded for transportation and keep them 
alive until they can reach a hospital Whole blood would be preferable, 
but it IS not practical to use transfusions wnthm the divisional area 

Plasma alone is not adequate to prepare a seriously wounded casualty 
to withstand the surgical procedures that are essential, or to carry him 
through the critical postoperative period After admission to hospital a 
limited amount is used to augment the effects of whole blood transfusion 
Plasma is a substitute for whole blood only in the sense that it can be * 
packaged and stored in adequate quantity in areas wdiere blood cannot be 
obtained Plasma is not a substitute for wdiole blood in the physiologic sense 
For these reasons a Blood Transfusion Unit procures and processes whole 
blood in the base and distributes it to the Army installations 

Shipments of blood w'ere made by L S T to the Anzio beachhead in 
February As the front advanced and forward landing strips were opened, 
blood has been shipped each day by plane In approximately four months, 
over 16,000 pints of whole blood have been drawn and processed for delivery 
to the Fifth Army The blood is drawn by vacuum into bottles that are used 
only once Glucose is added to the citrate as a preservative Each flask 
of blood is triply checked for type, examined by smear for malaria and 
Kahn-tested 

Although Type “O” blood is commonly referred to as “universal donor” 
blood, its use in large amounts in patients of other types is hazardous unless 
the agglutinin titer is low Every bottle of blood is titered and only those 
with an agglutinin titer less than i to 64 are issued as “universal donor” blood 
All banked blood carries an expiration date of seven days 
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To augment the supply of blood forwarded from the base, evacuation 
hospitals maintain their own unit blood banks Responsibility for the supply 
of type specific blood other than "0” rests upon the individual hospital 

The initial wound operation is directed toward the prevention of infection 
b) a complete excision of tissue devitalized by the missile Procedures such 
as closure of a sucking wound of the chest or suture of a perforation of a 
hollow viscus restore physiologic equilibrium as well as arrest the dangers of 
infection Recognition of all devitalized tissue is often times impossible, 
particularly in a massive wound or one complicated by skeletal injurj^ 
Disturbances of blood supply and subtle changes that indicate impending 
death of tissues may not be detectable In a certain number of these cases 
mixed anaerobic infection of residual dead tissues is the inevitable sequela 
Others will develop invasive infection spreading from the wound to involve 
normal tissues To minimize the incidence and hazards of infection, primary 
closure by suture is stiictly avoided Exact maintenance of the reduction 
of fractures by precise methods is precluded b}'^ the necessity for evacuation 
to the rear, so temporary or transportation splinting, usually with plaster of 
pans, IS employed 

Chemotherapy is initiated in the field by local and oral administration of 
sulfonamides The value of this procedure is questioned by many surgeons 
ol’ experience Preoperative penicillin therapy is started on all but the 
lightly wounded casualties on admission to hospital in the forward area At 
operation, topical application of penicillin is carried out only in wounds pene- 
tiating the meninges, serous cavities and joints Parenteral administration 
IS continued bejmnd the period of the likelihood of infection or until estab- 
lished infection has been controlled No patient is held in the forward area 
solely for the purpose of continuing penicillin therapy 

Just as plasma is not a substitute for whole blood in resuscitation, neither 
are sulfonamides and penicillin substitutes for the surgical excision of de- 
vitalized tissue Chemotherapeutic agents cannot sterilize dead, devitalized 
or avascular tissues nor do they prevent the septic decomposition of con- 
taminated blood clot 

In this war there have been two quite different approaches to the appli- 
cation of chemotherapeutic agents to military surgery The first vould 
utilize these agents to permit delay in wound surgery, and minimize the 
completeness of the excision of dead tissue The second employs chemo- 
therapy to extend the scope of surgery and achieve a perfection in results 
previously considered impossible The latter policy has guided the surger)’^ 
of the Mediterranean Theater To reiterate the axiom that penicillin is not 
a substitute for surgery is not enough Every surgeon must learn that 
chemotherapy opens new and startling possibilities in wound management 
The magnitude of the surgical problems that confront the forward 
surgeons when supported by adequate resuscitation therapy is difficult to 
visualize by one not having a first-hand acquaintance with their work High- 
est standards of precision must be maintained if the potentialities of surgery 
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aie to be realized to full advantage This piecision must be attained in the 
use of the adjuncts to suigei}’’ as well as in opeiative technics Initial surgery 
cannot he earned on as a hast), slap-dash and bloody spectacle, Avith rapid 
e\acuation of the patient to the leai il satisfactoi}^ lesults are to be achieved 
The a\erage opeiating times foi ceitain types of cases lecoided at an evacua- 
tion hospital weie one lioui 49 minutes foi penetiating wounds of the head, 
two hours foi wounds of the abdomen, two houis and a half for wmunds 
of the thoiax iMaiw casualties have multiple wounds that lequiie seveial 
major proceduies in sequence 01 simultaneously Postopeiative caie is as 
important as the opeiation and ma} demand holding the patient for ten 
da}S or longei 

Triage at the divisional dealing station based on the uigency of the 
wound and the condition of the casiialt}'^ establishes a “thiee-pomt fonvard 
s}stem,” as described by J0II3' in the Spanish Cnil Wai This provides a 
small surgical hospital foi fiist piiority casualties — m this theatei a single 
platoon of a field hospital reoiganized and equipped foi this specific mission 
Other casualties of less urgent t}pes aie tiansfeiied hack to the chain of 
Evacuation Hospitals An impoitant modification of the system has placed 
the Field Hospital Platoon in physical conjunction with the clearing station 
triage point This provides foi the immediate tiansfei of wounded fiom the 
clearing station to the first piioiity surgical hospital by hand litter No 
pause is requned for resuscitation 01 interfeience with splinting 01 diessings 
Expert surgical management that embraces lesiiscitation, opeiation and pro- 
longed postoperative care, becomes immediately available Cases wnth a 
continuing souice of shock that cannot he made tianspoi table wnthout an 
operation are thus salvaged and the despeiately wmunded receive expeit care 
as far forward as it can be piovided 

Surgeons assigned the responsibility of caimg for the w'ounded in a fiist 
priority surgical hospital must he highl}'- trained and experienced, as their tasks 
are the most exacting of militai}'^ suigeiy The Auxiliary Surgical Group has 
been found ideal as a source foi this peisonnel The experience of the 
individual surgeon is augmented in the base during periods of an inactive 
front Unity and uniformity m the contiol of this portion of fonvard surgical 
personnel has produced a high level of competence as w^ell as economy in 
the deplo}ment of specialized surgical skill and talent If the achievements 
of surgery in this theater are ever judged notew'orthy, they are attiibutable 
to the fact that expert rather than mexpeiienced suigeons are doing the 
work All other measures are ancillary items 

A w^ell-run fiist priority surgical hospital exerts a lemarkably favorable 
effect on the morale of combat troops and their officers The divisional 
medical service receives a stimulus to maintain its arduous task by first 
hand evidence that the lives of the most desperately wmunded may be saved 
by skillful first-aid measures and lapid evacuation Splinting is improved, 
the use of plasma in Aid Stations is increased and the temptation for clearing 
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or collecting companies to indulge in heroic suigical procedures for which 
they ^^ele never designed oi equipped is removed 

Evacuation hospitals handle the great bulk of the wounded in the forward 
area, as the small gioup of fiist piiority cases diverted to the Field Hospital 
Platoon constitutes approximately one-thiiteenth of the total number These 
institutions, nith tiained and expeiienced piofessional staffs, have attained 
a high degiee of proficiency in the pioceduies of initial wound management 
and remain the backbone of the Ainiy medical servuce 

heparatiye surgery 

A highly significant and far-reaching advance in militaiy surgery has 
taken place in the base hospitals \Mth the development of what may be 
called lepaiatwe singe} y Wounds left unsutured at the initial operation 
are routinel} closed by suture, usually at the time of the first dressing 
With the use of penicillin as a safeguard against infection, the management 
of wounds complicated by fracture or joint involvement has been revolution- 
ized Surgical procedures in special fields of suigeiy — thoiacic, craniocerebral, 
abdominal — ^liave also been radically altered by the application of similar 
principles The significance of this development and its effect on returning 
an increased number of wounded soldiers to duty and in preventing deformity, 
disability and death in the seriously wounded can hardly be overestimated. 

Reparative surgery is not to be confused with the reconstructive surgery 
of the Zone of the Interior Reparative surgery is designed to prevent or 
cut short wound infection either before it is established or at the period of 
its inception Once established, wound infection is destructive of tissue and 
at times of life In many instances it permanently precludes the restoration 
of function by the most skillful reconstructive efforts 

If the initial wound operation has been a complete one, wounds of the 
soft parts may be closed by suture on or after the f oui th day The dressing 
applied in the evacuation hospital is removed under aseptic precautions in an 
operating room of a general hospital at the base Following closure, the 
part IS immobilized preferably by a light plaster encasement, or if this is 
impractical, by bed rest 

Decision to close a wound by suture is based solely on an appraisal of the 
gross appearance at the time of removal of the dressing Preliminary 
qualitative or quantitative bacteriologic analysis of the flora of the wound by 
smear or culture does not provide information pertinent to this decision or 
allow the prediction of the result “Clean” wounds that heal by first intention 
after delayed closure may show a profuse and varied flora, both anaerobic 
and aerobic Identification of species and tests for pathogenicity would require 
weeks of arduous laboratory proceduie 

It is estimated that during the Italian Campaign alone, at least 25,000 
soft-part wounds have been closed on the basis of gross appearance only 
Healing has resulted in approximately 95 per cent, and no loss of life or 
limb or serious complications have been reported Residual dead tissue in a 
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deep lecess of the wound is the most common cause of the failure in the 5 
per cent that may be classed as unsuccessful closures If the suture is not 
successful because of infection, appropriate studies and corrective therapy 
IS instituted before resuture is attempted 

The presence of residual dead tissue or established invasive infection at 
the time of the first dressing is evidenced by discharge of pus and redness 



Tig 2— Platoon of a Field Hospital acting as a forward surgical hospital with Fifth Army in Italy 


and edema of the wound margins When these are present but minimal, the 
wound IS allowed to “clean up” with moist dressings Surgical excision of 
devitalized fragments or lemoval of retained foreign bodies may speed this 
process Secondary closure may then be performed after a few days If 
established infection is severe, or if the patient is toxic or anemic, a course of 
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—Evacuation Hospital with 1 ifth Army m Italy — December, 1943 


Fig 6A 


Fig 6B 
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Fig 6C 

Fig 6 — Reparativ e surgery of soft part wound of axilla 

(A) First dressing at base hospital four days following initial debridement in forward evacuation 

hospital 

(B) Closure of wound by secondary suture with adiancement of skin flap into axilla 

(C) First intention healing 12 days after suture. 16 dajs after wounding 
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Fic 7A 

Pie 7 . — Reparative surgerj of wounds compounding fractures of both bones of the forearm and 

fracture dislocation of the humerus 

(A) First dressing at base hospital on fifth day Secondary anemia corrected by 1600 cc of ^\hole 

olood Penicillin therapy 

(B) Screw fixation of comminuted head of the humerus following open reduction of dislocation 

(C) Reduction of fracture of both bones of the forearm with wiring at fracture site of the radius 

Application of skeletal traction 
* (D) Wound closure 

(E) Postoperative skeletal traction 
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penicillin tlieiap) and blood lians- 
fusions IS instituted and followed by 
radical wound rcMSion AMth staged 
closuie 

The topical use of sulfonamides 
appears to contiibute nothing to the 
fa\orable results of repaiatnc wound 
surger\ Paiallel senes of closuies 
show as satisfacton oi bettei results 
without the topical application of 
sulfonamides at the time of sutuic, 
as with It Penicillin theiapy is en- 
tirely unnecessar} as an adjunct to the 
usual repaiatne suigeiy of soft-pait 
wounds It IS used paientalh for 
cases of established infection and in 
the reparatne siirgen of complicated 
wounds 

The repaiatne suigeiy of com- 
plicated wounds including those with 
extensne muscle damage as well as 
those with shelctal or joint mjui\ and 
penetration of the Msceia. is a more 
major undei taking It is in this 
group that both the incidence and 
hazards of infection may be expected 
to be greater It is this group of 
cases that is kept on penicillin therapy 
(luring the mten^al between initial 
and reparative surger}'- and so main- 
tained until the likelihood of infection is past Immediate coirection of sec- 
ondary anemia on aiiival at the base is an essential pait of the piogram as the 
days are few' during w Inch the anemia from the initial blood loss may be pro- 
jected into the anemia of chioinc infection and indolent wound healing The 
procedures of reparative surgery aie fiequently of gieat magnitude and the 
patients must be adequately suppoited by whole blood transfusions before, 
during and subsequent to operation 

Compound fractures are removed from transportation, splints, the wound 
IS revisioned for furthei removal of devitalized tissue, reduction of the 
fracture is secured and maintained by skeletal traction, internal fixation or 
other means as indicated The original debiidement incisions directly com- 
pounding the fracture site are closed by suture Dependent stab wound drain- 
age to the fractui e site is usually established for a limited period of time. 
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Open arthrotomy is carried out for impending or early joint infection 
Devitalized cartilage and retained foreign bodies are removed and the joint 
space closed In a few cases when serious trauma or early established 
infection has irreparably ruined the joint architecture, resection of the joint 


Fig 8A 





Fig 8B Fig 8C Fig 80 

Fig S — Reparatne surgerj of compound fracture of the femur 

(A) Suspension for operatue access at the first dressing on the sixth day following initial debridement 

in a forward hospital Anemia corrected by transfusion, penicillin therapj 

(B) Comminuted fracture as rece ved at the base following evacuation to the rear in a hip spica 

encasement 

(C) Revision of the fracture site, with removal of residual devitalized bone fragments 
(0) Closure of debridement incisions, establishment of posterior dependent drainage, wire inserted 

for skeletal traction 


has been performed and satisfactory healing in a position of maximum 
usefulness achieved 

Radical management of massive organizing hemothorax by thoracotomy 
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fourth day following injury In facial injuiies, splinting of the bony parts 
and primary sutuie of soft paits \\ith pio^ision for drainage at the time of 
initial suigery is followed by meticulous wound management on arrival at 
the base It is believed that there is a mateiial i eduction in the incidence of 
disfiguiing mutilations Extensive loss of skin and soft parts attributable 
to the missile is not commonly obseived, and it seems likely that many of the 
facial mutilations of \Aaifaie aie attiibutable to loss of tissue by sepsis and 
conti acture — both pi eventable 



Fig 10 — ^Tangentnl i\ound of calf producing skin and soft part defect measuring four by five 
inches Secondary debridement at bast hospital on twelfth day follomiig initial debridement Immediate 
split thickness skin graft 1 irst dressing shown five da>s later (17 days after wounding) No 
chemotherapy for reparative surgery 


Revision of craniocerebral wounds when there is evidence of residual 
devitalized tissue or impending infection is followed by closure when 
feasible even if established infection is disclosed Observations are being made 
relative to the eailier repair of peripheral nerve injuries This is a procedure 
that may better be consideied as eaily leparative surgery rather than late 
leconstructive surgeiy The projected method of management includes 
revision and appraisal of the nerve injury at the time of secondary wound 
closure and in suitable cases repair as soon as satisfactory healing is 
established (two and one-half to three weeks) 

To realize fully the potentialities of reparative surgery requires the intro- 
duction of a new concept in the organization of military surgery The time- 
lag between wounding and initial surgery referred to as “the golden period 
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has been gieatl} i educed b\ the oiganizalion of medical seivice m the forward 
area to this end Ihc tmie-lag between inilial suigeiy and lepaiative surgeiy 
has now assumed an equal dcgice of impoUance Just as eveiy hour added to 
the time-lag between mjui\ and initial suigeiy mci eases the loss of life and 
liinh, so does e\ei} da) added to the time-lag between initial and leparative 
surgei) Four to ten da)s is the “golden peiiod” to close w^ounds, reduce 
and fix fractuies. icnioic i clamed missiles and cany out other pioceduies to 
preient or aboit infection To fail lo lake cogm/-aiice of the potentialities of 
early reparatnc suigen at the base in the futuie plans and operations will 
be as unthinkable as a faihiie to plan foi the iemo\al of the wounded from the 
field of battle 

Air e\acualion between Aini) and Base, eaily estabhshmenl of general 
hospitals m close suppoit of .in ad^<lnelng Aiim, soiling of casualties on 
airnal at Base so the) ma) ha\e the benefit of expeit and specialised surgical 
management, arc matteis of admimstiativc impoit Education of suigeons 
to undertake new and unfamiliar pioceduies, the coriection of anemia by 
whole blood transfusion so that essential suigeiy may be undei taken at an 
earl) date and inci eased attention to lehabihtation pioceduies aie some of 
the major problems faced b\ professional peisonnel 

Particulai 1) impoitant is the concept that the siiigical management of a 
wounded soldier fiom the field of battle to his ultimate hospital disposition 
within the theatei demands continuit) of pohc) and efioit A w'ounded man is 
not like a box of ammunition oi a ciate of lations that can be deposited at 
the boundary of an echelon and icsponsibility dismissed Only by co- 
ordination of pohc) and meihods between echelons can mihtaiy suigery 
attain its full statin e 

It is a satisfaction to note the contiast between the piesent concept of 
wound management and the doc tunes m vogue scarcely a year ago The 
closed-plaster management of wounds and fiactuies was designed to con- 
sene life but exacted a high puce m skeletal and soft-pait defoimity Its 
use IS now' limited to ceitain cases with established infection of bone or 
W’th massive defects of soft parts compounding a fractuie site Recom- 
mendations that minimized the necessity for a complete initial wound opeia- 
tion or sought to delay it (w'ound tiimniing, “salting dowai wutli sulfa drugs,” 
etc ) accepted suppuration as inevitable m a considei able proportion of cases 
and relied on chemotheiapy to hold sepsis wnthin bounds Resuscitation 
measures that relied on plasma alone to compensate for loss of wdiole blood 
prolonged life but tied the hands of the suigeon m the performance of 
hfe-saving surgery These and other eai her concepts w'ere but faltering steps 
tow'ard w'hat wall emerge as the ultimate scope of suigery as developed 
m the present w'ar 
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VASCULAR INJURIES OF WARFARE* 

Lt Col Daniel C Elkin, M C , A U S 

FROM THE VASCULAR SURGERY CENTER ASHFORD GENERAL HOSPITAL 
WHITE SULPHUR SPRINGS, WEST VIRGINIA 

Accounts of injury to blood vessels m warfare have been recorded 
since the beginning of history, and the attention of surgeons has of necessity 
been primarily directed towards their treatment because of their often fatal 
nature The arrest of hemorrhage and the preservation of an adequate 
arterial supply to the extremities have been, in fact, the mam concern of 
military surgeons since the dawn of recorded medical history, and numerous 
papers concerning vascular injuries have appeared in medical literature 
following every war The number of such injuries has increased steadily, 
probably due to the introduction of higher velocity projectiles of smaller 
caliber In addition to the ordinary wounds caused by machine gun, rifle 
bullets and shrapnel, a great many multiple injuries are being produced by 
the fragmentation of land mines, grenades and aerial bombs These latter 
may produce as many as one hundred small individual wounds scattered over 
the body without causing death, thus inci easing the chance of trauma to 
blood vessels It is, therefore, to be expected that the sequelae of these 
injuries will be encounteied more numerously than ever before Moreover, 
improved methods in the control of hemorrhage, shock, and infection have 
preserved more individuals for subsequent observation and study 

In order to bung about more highly specialized treatment of certain 
surgical conditions, the Surgeon-General has established centers for their 
tiCatment In view of the fact that Ashford General Hospital is designated 
as one of two centers for vascular surgery, no doubt a larger proportion of 
this type of injury is seen at this institution 

For descriptive purposes, vascular injuries as result of war wounds may 
be divided as follows 

1 Those m which the blood vessel is completely severed or in which 
vasospasm exists to such an extent as to so impoverish the blood supply that 
death of the part or useless fibrosis results 

2 Activation of previously existing blood vessel disorders or tumors, 
such as congenital nevi and preexisting vascular injuries 

3 Partial severance of a vessel producing a false aneurysm or arterio- 
\enous fistula 

Numerous instances of all these lesions in varying degree have been 
observed, and illustrative types of each are described here in detail 

I ARTERIAL OCCLUSION 

Arterial occlusion, either complete or partial, may result from several 

* Read before The American Surgical Association, May 3-4, 1944, Chicago, 111 
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factors, all tiauinatic in nature A \esscl may be completely seveied lequirmg 
ligation, and unless collateial flow is adequate, gangiene or a condition not 
unlike Volkmann’s ischemic paialysis will lesult Similarly, the vessels may 
be occluded by compiession of a hematoma oi some infimgement upon its 
lumen b} fiactuied bones, oi b) too tight splinting oi piolonged and improper 
application of a tourniquet \\ hile the factoi of venous occlusion in pioduc- 
ing this state cannot be o\ei looked, suicly the clinical manifestations, geneially 
described as Volkinann's paiaUsis, do occui following aiteiial occlusion, as 
\\ill be shown in ilhi^itratue cases 

A\essel may, likewise, be completel}'^ oi paitially occluded by spasm A 
niimbei of factors ma\ bung about a leflcx vasospasm and pioduce the 
picture classically described b}' Lenche Ibis may occur wheie only the 
outer wall of an artcr\ has been injuied oi even m cases of tiauma to adjacent 
tissues without actual injui\ to the vessel itself While ^asospasm is a 
natural protectne i espouse to trauma, it may be so extensive in chaiactei 
that death of a pai t oi its ci ipphng may i esult It may be segmental, involv- 
ing only a small portion of a \essel, oi it ma) leflexl} involve othei vessels 
01 an extiemit} oi eten pioduce a \asomotoi imbalance of moie than one 
extremit}^ or c\en the whole bod)’- Wiieie the whole arterial tiee of an 
extremit}' undergoes such a change mlerfeicnce w'lth collateral circulation 
IS pronounced, and under such cncumstances the limb is white, numb, cold, 
pulseless and paral)7ed If lelaxation occui s wuthin a few^ hours, eithei 
spontaneously or through operatne mcasuies, the limb may retuin to noimal, 
but if constriction peisists, thrombosis wnll occur and vaiying degrees of 
trophic changes will i esult — gangrene or fibiosis wuth atiophy, stiffness of 
the joints, and a fixation defoimity x'\n excellent account of these matteis 
has been published by Griffiths^ (1940), and, more recently, by DeBakey^ 

(1944) 


Case I — Tschamc coiUractnte with gangicnc of right hand following severance of 
axillary arteiy, median and nhiar nerves Tin ombosis of distal biachial vessels Sutuie 
af median and ulnar ncivcs No impiovement in nutrition of hand following 
pliysiothcrapy 

This soldier was struck by a machine gun bullet in the upper inner aspect of the 
right arm May 6, 1943 The entire arm immediately felt numb, and he was unable to 
use It He lost considerable blood He was operated upon shortly afterwards, and it 
was found that the right brachial artciy had been severed, but it was believed that 
Ihe nerves were intact Debridement of the w'ound was carried out On the second 
^ny after the operation there was considerable swelling of the entire arm from the 


area of the w'Ound to the finger tips He developed blisters in the palm of his hand, 
and the tip of the right ring finger sloughed off There was superficial sloughing in 
fbe palm He entered Ashford General Hospital October i, 1943 At that time the 


gangrenous areas were practically healed, but there was sensory and motor evidence 
of ulnar and median nerve paralysis The arm, forearm, and hand were atrophic, and 
the latter was held m a fixed flexion contracture On October 21, 1943 exploration 
of the lower axilla was done (Major Barnes Woodhall) It was found that the ulnar 
and median nerves were completely severed, and that the axillary artery had been 
divided and ligated The divided nerves were sutured The distal end of the divided 
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On September 6, 1943, two aneurysms, one of the lower brachial and the other of the 
ulnar artery, were excised on the left side (Captain Kremer, 26th General HospitaU 
One week later he began having intermittent attacks of arterial spasm in the left hand 
characterized by pain, cjanosis, and occasional blanching, particularly if he was 
exposed to cold A week after this he noticed that the right hand became cyanotic and 
this was soon followed by cyanosis of both feet, the color changes in all four extremities 

"Y' 
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Fig 4 — Case 4 Showing increase in oscillations and temperature of the feet following spinal anesthesia 

increasing but at times returning to normal On September 27, 1943, a novocaine cervical 
sympathetic block was performed This produced a warm dry hand lasting for three 
hours A second block on October 13, 1943, produced a Horner’s syndrome, with little 
change in his hand or arm He was admitted to Ashford General Hospital December 3, 
1943 There was nothing tii hts history to indicate any vasomotor disturbances pi tor 
to being zuounded on July 14, 1943, in spite of active duty in a cold climate 

Qn examination, both hands to the wrists were markedly ruborous and cold Per- 
spiration was increased Both feet assumed an ever-changing pattern of color beginning 
on dependency, with mottled areas of deep cyanosis alternating with blotches of deep 
rubor The cyanosis was seen at the terminal digits over the phalangeal joints on the 
plantar surface of the toes and on the medial plantar side of the feet The remainder 
of the feet was deep red in color On complete dependency the plantar portion of the 
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feet and toes became so complelol> c\anoscd as to icsemble the dusky grayness of 
impending gangrene There \\eie no ti opine changes 

The brachial blood prtssuie was 130/100 All pulses were present but were weak 
in both feet On elc\ation of the feet paloi of the toes was marked on the medial plantar 
sui faces His face was mtcnsclj icd cspeciallj ovci the malai prominences The nose 
had areas of mottled c\anosis and iediK'<s, and the ears w^re intensely red in spite of 
bung cool to palpation Upon light scntching of botli the chest and the intrascapular 
regions, a t\pical dcimatogiaphia was elicited with wheals and ciythema Oscillometi ic 
dcteiminatioiis and tcmpeiatme leadings befoie and after spinal anesthesia are shown 
on Figuic 4 It will bo noted that aftci elimination of constuction impulses the 
oscillations m the tibial icgions almost doubled, and the readings in the feet increased 
fne times The leadings imdei spinal anesthesia weic piaetically twnce that found 
111 the normal indnidual Ihc skin tcinpciatnics losc fiom five to ten degrees in the 
toes and feet, about thice to fne degices ni the legs Tlie readings w’eie above those 
seen in the noiiinl indnidual 

Discbssiox — The ticatnicnt of tasciilai occlusion, eilhei fiom seveiance 
ot a \csscl 01 liauinalic tasospastii, picsents a pioblem of unusual difficulty 
The final result and the ullniiatc piognosis will depend ni the mam upon the 
original tieatment rccencd shoitl)^ aftei the mjui} In the fiist place, a 
tourniquet should netci he applied if hlcedmg can he conti oiled othenvise, 
and if applied it should he as neai the wound as possible An Esmaich 
bandage is piefciahlc to a luhbei lube 

E\er} efloit should he made to presene the continuity of an aiteiy, and 
m lateral lacerations icpaii mat he possible If ligation should he necessar), 
It should not he done m coiilunuty but should he sectioned completely, since 
the diMsion pi e\ cuts penpheial aiteiiospasm and secuies the best collateral 
circulation Section and ligation of companion veins should likewise be 
carried out Repan should be attempted only w'hen it appears to be the sole 
means of sanng a limb Vasodilatation by means of sympathetic procaine 
block frequenti} icpeatcd, or h}'’ S} mpathectomy, should be performed if the 
integrity of the cii dilation appeals in doubt 

Other proceduies, such as the use of plasma 01 blood to obtain an adequate 
blood pressure, the use of heparin to pi event thiomhosis, and the position 
of the limb for maximum ciiculatoiy balance, should be employed if condi- 
tions do not otherwise contraindicate then use In laige laceiated wounds 
and in those accompanied by damage to othei tissues such as bones and nerves, 
splinting IS essential, but immobilization should be discontinued at the earliest 
possible moment and eail}'^ motion instituted in oidei to pi event joint fixation 

In cases of tiaumatic vasospasm, therapy is diiected to the removal of 
reflex vasoconstrictor impulses This may be brought about by removal of 
traumatized tissue, periarteiial sympathectomy or better still by procaine 
sympathetic block or sympathectomy 

In the late stages wffiere contracture deformity has taken place, as illus- 
trated by Cases i and 2, any progress toward recovery will be slow and the 
eventual outlook poor Physiotheiapy in the form of heat, massage, and 
whirlpool baths is indicated as aie splinting and occasional plastic procedure 
to correct deformity. 
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Where vasomotor imbalance follows arterial injui}-, as in Case 4, the 
interruption of vasoconstrictor fibers by sympathectomy to one 01 moie 
extremities may restore a proper balance and in any event should be tried 
provided there is temporary improvement following procaine block 

II — ^PREEXISTING VASCULAR LESIONS 

It IS the belief of many who have studied the subject that cirsoid 
aneurysms, pulsating angiomas, and arteriovenous aneurysms are essentially 
the same condition, all being a form of abnormal communication between 
arteries and veins in varying degree It is well known that vascular nevi, 
congenital telangiectases, or angiomas, in which the intermediary incidence 
of trauma has occurred, may be the starting point of disfiguring and disabling 
vascular tumors Moreover, vascular injuries, apparently dormant or inac- 
tive, may, likewise, become activated by further trauma It is to be expected, 
therefore, that war injuries, either as result of direct trauma or following long 
continued irritation, will give rise to such conditions m increasing numbers 
That twelve instances of this nature have been seen at Ashford General 
Hospital in the past year bear out this assumption Four of them are cited 
below in detail as examples The seiiousness of this lesion as a potential 
hazard must not be overlooked, for an apparently innocent lesion may be 
the source of a disabling defect requiring major surgical procedures, including 
amputation Although trauma plays the major role in their inception, there 
are probably other factors as yet unexplained which have a part in their 
development When contributing arteries and outgoing veins succeed in 
forming diffuse anastomosis through a cavernous bed, the lesion becomes 
nothing more than a diffuse arteriovenous fistula While the existence of a 
congenital lesion can usually be elicited from the history, this abnormality 
need not always be present A wound, particularly if inflicted upon superficial 
vessels, such as those of the scalp, face, fingers or toes, will often give rise 
to these diffuse tumors, and additional trauma such as bruising or prolonged 
irritation may contribute further to their development In any outspoken 
example of this condition the clinical picture is such a striking one that the 
case IS likely to be reported, and there is an extensive literature on the subject 
(Elkin,® Reid,^ and Pemberton® ) 

Case 5 — A small, bhitsh, pigmented mass in right axilla, present since childhood 
Ten months trauma from rifle recoil, with marked increase in size Complete excision 
and skin graft 

This soldier is known to have a small bluish discoloration in his right axilla since 
childhood which had given him no trouble and which had increased only slightly in 
size During ten months Army service the mass was subjected to the trauma caused by 
recoil of a rifle, and during that time the mass had markedly increased in size until it 
extended throughout the whole right axilla Large dilated veins, easily compressible, 
covered an area about six inches in diameter (Fig 5) There was no bruit and no 
thrill Numerous small venules were present in the skin of this region On December 
17, 1943 skin incisions were outlined which extended beyond the dilated blood vessels 
The skin of this area was completely excised as were the subcutaneous tissues, down 
to and including the pectoral and axillary fascia Numerous dilated veins communicated 
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Fig s — C isc $ Appcinncc of hennngiomi of axilla 



Fic 6 — Case s Hemangioma of axilla showing line of excision and method of closure 
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With this area and entered, for the most part, the cephalic and axillary veins After 
excision the skin could be partially closed and the remainder was covered with a skin 
graft (Fig 6) There has been complete recovery with no evidence of recurrence 

Case 6 — Chddhood tnjtDy, sole of left foot, by glass Diffuse aiteuovcnous fistula, 
sole of left foot involving plantar vessels noticed 30 years after original injury following 
excessive marching Complete eicision of fistula after pi eliminary ligation of posterior 
tibial and dorsalis pedis vessels 

This 37-year-old Dental Officer stepped on a piece of glass in 1914, causing a one- 
inch laceration in the midplantar legion of the left foot Bleeding was profuse, but 
healing was uneventful In 1938 he noticed the appearance of large blood vessels o\er 
the left foot and leg He enteied the Army in December 1943 with a “waiver for 
varicose veins” After three weeks of basic training, at which time he underwent 


A 



B 


Fig 7 — Case 6 A Diffuse arteriovenous aneurjsm, sole of foot, 
showing marked enlargement of veins 
B Shoving appearance of the foot, one month after excision of 
the aneurjsm 
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considerable marching, he noticed pain and swelling in the bottom of his foot near 
the toes, and on examination he was found to have a bruit and thrill m this region and 
was referred to this hospital On examination there was marked engorgement of the 
saphendiis veins over the foot and leg (Fig 7 A) The left foot was warmer than 
the right A continuous bruit, accentuated in sj'stole, was most marked on the bottom 
of the foot but was transmitted to the whole leg The posterior tibial and dorsalis pedis 
vessels were full and bounding Increased temperature and oscillations of the left 
leg and foot are shown in the accompanying chart (Fig 8) 

It IS believed that this diffuse arteriovenous fistula had its origin in the previous 
injury which was thought at that time to be of trivial nature The added trauma of 
marching brought about a rapid increase in its development 

Operation was performed Februarj"- 15, T944 Preliminary ligation of the posterior 
tibial and dorsalis pedis arteries was done The former \essel was markedlj' increased 
in size and was tortuous A longitudinal incision was then made for three inches on 
the sole of the foot just medial to the old scar Numerous small vessels i\ere encountered 
The plantar fascia was opened, and the short flexors of the foot were separated The 
flexor hallucis longus was retracted medially, and the deep plantar space exposed Se\- 
eral large arteries and veins, which uere pulsating, together with numerous tributaries, 
were found m this area Distal to this, large arteries and veins w’ere disclosed All of 
these were dissected free from surrounding tissues, ligated, and divided, and the fistula 
removed in toto (Fig 9) 

The patient’s recovery from operation was uneventful The large dilated veins 
pieviously noted disappeared in a period of about three w'eeks (Fig 7B) There has 
been no return of bruit and thrill, and he returned to duty May i, 1944 

Case 7 — Crnshtug vijwy to the left foot tn 1937 No fracture Recovery tu eight 
months Diffuse at tei lovcnous fistula, sole of left foot involving plantar vessels, noticed 
1941 following marching Complete excision of fistula after preliminary ligation of 
posterior tibial and three dorsal vessels 

This 23-year-old soldier sustained a crushing injury to the left foot in cnilian life 
in 1937 No fractures were found, and the foot was strapped There was considerable 
swelling and pain for about eight months In November, 1941, after one year m the 
Army, he first noticed a “humming” in his foot, with pain and sw'elhng He had been 
subjected to the strenuous activities of a soldier on Guadalcanal, and the sjmptoms all 
increased and became aggra\ated bj' marching He entered Ashford General Hospital 
February 29, 1944 Examination was normal except for the left foot and leg The left 
foot was slightly sw'ollen The superficial veins were dilated and tortuous, and a thrill 
Cjuld be felt over the dorsal and plantar regions, most marked on the plantar surface 
(Fig 10 A) There w'as a loud continuous bruit with systolic accentuation over the 
entire foot w'hich was transmitted up the leg to the midcalf posteriorlj The tlirill and 
murmur could be obliterated by pressure over the posterior tibial artery There wre 
several pulsating vessels on the dorsum of the foot The left foot showed increased 
warmth and increased oscillations (Fig 11) 

Operation was performed March 4, 1944 The posterior tibial vessels were exposed 
behind the medial malleolus and ligated and cut The dorsalis pedis artery was treated 
m a similar manner A longitudinal incision w'as made in the sole of the foot about four 
inches long o\er the region of the fourth metatarsal bone The plantar fascia w'as di\ided 
longitudinally, and the small muscles of the foot w'ere separated until the plantar ^essels 
were reached Large posterior tibial arteries w'cre found entermg this region and 
communicated with a dilated venous sac Distal vessels, both arteries and vems, as w’ell 
as lateral communications were also encountered All of these were pulsatmg in spite 
of the previous ligations Since they appeared to communicate with abnormal dorsal 
lessels, two additional incisions were made on the dorsum of the foot, and vessels in this 
region were ligated there The sac, w'lth its communicating arteries and ^elns, was 
then excised and removed after ligating and cutting all communicating branches (Fig 12) 
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All wounds were closed with silk At the end of operation there was no evidence of a 
bruit or thrill, and the toes were warm and pink There has been no return of the 
bruit and thrill, and the dilated veins about the foot have disappeared (Fig- lo B) 



Fig 12 — Case 7 Shoving, scheniaticnll>, the preliminary ligation of vessels and 

complete excision of the lesion 


Case 8 — Small hemangioma, ^ole of right foot since childhood In July, 1942, the 
fool injmed by jumping into a for hole, follozved by gradual increase in size of tumor 
Unsuccessful attempt to excise tumoi Seveie hcmoiihage necessitating amputation 

In infancy it was noted that patient had a mass on the plantar surface of the right 
foot It caused no discomfort and did not limit his activity At age 12, it was noticed 
that the right leg was slightly longer than the left Six years before entrance into this 
hospital he noticed prominence of the veins of the left foot and ankle On July 25, 
19,43, in action in Sicily, he struck the plantar surface of his foot when he jumped into 
a fox hole Following this there was pain and gradual increase of the swelling on the 
plantar surface of the foot On August 10, 1943, an unsuccessful attempt was made to 
lemove the tumor, and the posterior tibial artery was ligated 

On examination at Ashford General Hospital there was an expansile, pulsating, com- 
pressible mass involving the whole sole of the right foot, extending from the heel to 
the toes (Fig 13 A) There was a continuous thrill and bruit over this area accentuated 
in systole The veins of the right leg were dilated The right foot was warmer than 
the left, and the right leg was 6 cm longer than the left There were marked increased 
oscillations on the right side 
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On December 20, 1943, an attempt was made to excise the aneurysm after ligation 
of tlie posterior tibial and dorsalis pedis vessels The whole plantar surface was a mass 
of dilated venous and arterial sinuses Hemorrhage from them could only be controlled 
with a touniiquet and, after a three-hour attempt to ligate them individually and 
at masse, it was felt that any procedure other than amputation might prove fatal 
Amputation was accordingly performed 

Injection of the aitcrial tree of the amputated foot is shown in Figure 13 B E\en 
after ligation of a laige number of icsscls, numerous dilated sinuses are still present 



Fig 13 — Case 8 A Appearance of the foot before final 
operation The posterior tibial artery has been ligated and unsuc 
cessful attempt made to extirpate the lesion 

B Arteries of the amputated limb injected with mercuiw 
Note numerous collaterals about the points of ligation and the 
increased vascularity of the whole foot 


Discussion — A variety of operative procedures has been employed in 
the treatment of these conditions — -ligation of the mam blood supply , multiple 
circumferential sutures, obliteration of the lesion with the cautery, or injec- 
tion of thrombosing or scar-forming sclerotics The only universally suc- 
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cessful method is complete extirpation, since recurrence notoriously follows 
halfway measures Moreover, operation should be carried out in the early 
stages of the development of the lesion Otherwise the rapidity of its growth 
and the extent of involvement may place its removal outside the domain of 
surgery or else require sacrifice of a part, as illustrated in Case 8 Under 
any circumstances, the operator is confronted with a problem requiring not 
only meticulous skill and care m its performance, but one demanding the 
courage to attempt an ordeal which may be fatal because of hemorrhage, or 
which may require amputation 

III — ANEURYSMS 

It is not the purpose of this paper to discuss in detail the diagnosis and 
treatment of aneurysms or arteriovenous fistulae Openings m blood vessels 
produced by small missiles may for a time present no symptoms and no 
physical signs other than a bruit For that reason these lesions are frequently 
overlooked, particularly if more striking or extensive injuries are present 
The value of auscultation as a means of determining the presence of these 
lesions cannot be too strongly stressed In the inception of any vascular 
injury, external or internal bleeding may be severe, and the immediate care 
quite correctly is directed to the control of hemorrhage On the other hand, 
bleeding may be slight, even though a major vessel is involved, and in the 
absence of severe laceration it may be controlled by pressure of the soft tissues 
and thus a pulsating hematoma or false aneurysm be formed In the presence 
of a large number of casualties and under battle conditions, such as front line 
hospitals are now working, a diagnosis, though incomplete, or even incor- 
rect, may be carried by a wounded soldier for some time This does not 
imply that proper treatment has not been given, but it does entail upon those 
who are working m the Zone of Interior or in general hospitals distant from 
the battle field the necessity of careful examination uninfluenced by any 
previous diagnosis Moreover, it is a ivell known fact that a vascular lesion 
may develop slowly to the point of recognition For example, an arterio- 
venous fistula present from the onset of an injury may not show characteristic 
signs until edema and tissue hemorrhage have been absorbed It is well to 
remember that blood vessels are usually accompanied by nen'^es, and that 
nerve lesions, which are so striking in their immediate manifestations, may 
mask or cause to be overlooked accompanying blood vessel trauma Incon- 
spicuous wounds may, likewise, involve blood vessels and are frequently 
overlooked through failure of the examining surgeon to suspect their presence, 
or because his attention has been directed elsewhere to a seemingly more 
important lesion Aneurysms of various types will be overlooked unless eveiy 
wound IS carefully examined, particularly by auscultation 

The differentiation of a false arterial aneurysm and an arteriovenous 
fistula IS of extreme importance since the sequelae, the general and local 
effects, as well as the treatment of the two conditions, differ greatly The 
differential diagnosis is not always easy but as a rule an arteriovenous com- 
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munication is characterized by a continuous thrill and a continuous machine- 
hke bruit accentuated in systole, whereas, in the false aneurysm there is a 
slight but distinct pause between the systolic and diastolic phases, or the bruit 
may be heard only in systole In the case of a fistula the swelling is usually 
less pionounced although some fistulae communicating through a false sac 
may give use to a tumor of considerable size 

The dilatation of veins about and distal to a fistula, the slowing of the 
pulse following its obliteration, and the trophic changes resulting fiom an 
impoverished blood supply distal to it are furthei dififei entiating points In 
large fistulae or in those close to the heart, cardiac dilatation with subsequent 
failure is likely to follow While time should be allowed for the development 
of collateral circulation, operation should not be dela5^ed until cardiac failure 
has supen^ened The enlargement of the heart and its lapid return to normal 
size following excision of this lesion are strikingly showm in Figures 14 
and 16 

Case 9 — Fcvwial A-V fistula, resulting from rifle bullet on Septenibei 21 , 1943 
Cardiac enlargement with beginning failwe Excision of fistula Rapid return of heart 
to noimal sice 

This 2i-year-old soldier was struck by a through-and-through rifle bullet in the 
right thigh September 21, 1943 There was \ery little bleeding The wound was 
dressed shortly afterwards, and healing took place in about ten days About one month 
afterwards he noticed fullness and swelling in this region, and about that time the 
piesence of an aneuri-^sm was noted 

He entered Ashford General Hospital February 5, 1944 There was some swelling 
of the right thigh, particularly on the inner medial aspect In this region a distmet 
continuous thrill could be felt He complained of fullness in the right thigh, swelling 
of the right low'er extremity, pain in the right leg on walking, and dyspnea on exer- 
tion The swelling of his thigh was most marked on the inner and middle aspects The 
whole leg was sw'ollen, and there was pitting edema of the right ankle The veins of 
this leg W'ere enlarged A distinct thrill could be felt over the whole inner aspect of 
the thigh A bruit, most marked in this region, was transmitted up to the groin and 
downward to the midleg It was continuous but accentuated in systole Obliteration 
of the femoral artery by pressure reduced the pulse rate from seventy-eight to forty- 
eight Roentgenogram of the heart showed left ventricular enlargement (Fig 14) 

On February 9, 1944, quadruple ligation and excision of the fistula were done 
The proximal artery was greatly dilated as w'ere all the veins in the region of the 
fistula The distal artery was small Numerous collateral vessels were found in the 
legion of the fistula All vessels m this region were tied and cut, and the fistula was 
completely excised (Fig 15) Postoperative couise w'as uneventful Roentgenogram 
of the heart made one week after the operation showed that the heart had returned to 
normal size (Fig 14) 

Case 10 — A-V aneurysm, right postenoi tibial vessels zvitli communication thiough 
iiitci osseous membiane Ligat on of all commun'cating vessels Obliteration of fistula 
by multiple mattress sutines Recoz>ery 

This soldier sustained a bullet wound of the right leg on March 31, 1943 The 
missale entered the posterolateral aspect of the leg five inches below the knee and made 
its exit on the inner lateial aspect Bleeding was profuse but was controlled by a 
pressure bandage On April 2, 1943, an incision was made on the anterior surface of 
the leg, and he was told that an arterv was ligated There was a partial paralysis of 
the peroneal nerve which had largely disappeared by October, 1943 In November, I943i 
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the presence of an arteriovenous fistula was noted, presumably of the posterior tibial 
vessels, and he entered Ashford General Hospital December i, 1943 Examination on 
admission was negative except for the right leg The leg was swollen from the knee 
downward, and there was pitting edema of the ankle An expansile pulsation was 
present m the area just below the popliteal space and m the line of an old incision 
on the anterior surface between the tibia and fibula six inches below the knee In both 
areas there was a continuous thfill and a loud continuous bruit accentuated in systole 
The bruit was transmitted over the whole leg, foot, and thigh Obliteration of the 



Fig 14 — Case 9 Showing enlargement o£ the heart and rapid return to normal following excision of 

arteriovenous fistula 


popliteal artery by pressure reduced the pulse from 94 to 80 Neurologic examination 
was negative except for slight weakness of the extensor hallucis longus, the tibialis 
anticus, and hypesthesia over the lateral aspect of the foot Oscillations were markedly 
increased in the whole right lower extremity Examination of the heart show’ed moderate 
left ventricular enlargement (Fig 16) Operation was performed December 15, 1943 
Incision was made m the popliteal space and continued dowmward to the midcalf The 
popliteal artery and vein were identified and temporarily occluded with a ligature Both 
vessels were markedly enlarged Another incision w'as made over the course of the 
anterior tibial vessels overlying the interosseous membrane at its upper end, and a 
large pulsating sac was uncovered in this region which apparently communicated through 
the membrane with the mam sac on the posterior surface of the leg The posterior 
incision was then dissected fuither, and a large sac into which numerous communicating 
arteries and veins entered was found All of these vessels were separately ligated and 
cut, as were the proximal vessels previouslv identified In an attempt to remove the 
sac m its entirety severe bleeding was encountered, evidently arising from other com- 
munications This bleeding could not be controlled by individual ligation of vessels, and 
the whole sac was, therefore, obliterated and infolded by a number of heavy mattress 
sutures This controlled the bleeding and obliterated the bruit and thrill The wound 
was closed with silk The patient’s recovery was uneventful, and he returned to duty 
April I, 1944. Enlargement of the heart previously noted returned to normal (Fig 16) 
Case II — Left brachial aneurysm following gunshot zvound Paralysis of median, 
radial, and median cutaneous nerves from pressuie Complete division of ulnar nerve 
Excision of aneurysm Suture of ulnar nerve 

300 




and return to normal size following excision 
aneurysm. 




ELKIN 


Annals of Surgery 
September, 1044 


This patient was wounded, November ig, 1943, by fragments of artillery shell He 
received wounds in the left shoulder, left arm, and left hand and face There was 
considerable bleeding from the wound in the left arm which was situated just below 
the axilla He immediately noticed numbness of the hand and inability to use it He 
was evacuated from the line of fire, and his wound were debrided and an encasement 
applied He was eventually evacuated through hospitals to Ashford General Hospital 
where he arrived March 9, 1944 



Fig 17 Case ii Slioiving aneurysm of bracfinl artery with severance of the ulnar nerve and 
pressure paralysis of other nerves m this region 


At the time of admission all the wounds were healed Aside from the left upper 
extremity, examination was unimportant In brief, examination showed complete 
paralysis of the median and ulnar nerves and a partial paralysis of the musculocutaneous 
and radial nerves Along the medial aspect of the upper thirS of the left arm was a 
scarred wound measuring 8 cm in length In the left axilla near the anterior axillary 
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fold was a pulsating mass 3 cm m diameter There was no thrill, but a systolic bruit 
could be heard over it The radial pulse was weak 

Operation was performed on March 17, 1944 An incision was made along the 
anterior border of the axilla, and the pectorahs majoi muscle was exposed and retracted 
upward The lessels and iienes of the arm just below the axilla were exposed, and 
the proximal and distal brachial arteries connecting with the aneurysm were isolated 
and temporarily occluded wnth ligatures The nerves in this region were firmly adherent 
to the aneurjsm, stretched pver it, and subjected to its pulsation They were dissected 



: y 
► 



Fig 18 — Case 12 Arterial aneurysm of axilhry artery with paralysis of nerves from pressure 

fiee from it witli considerable difficulty It was discovered that the ulnar nerve was 
completely severed at the medial side of the aneurysm and that the hiatus between the 
severed ends was filled with scar tissue (Fig 17) After isolation of the ulnar, median, 
radial, and median cutaneous nerves, the aneurysm was ligated proximally and distally 
and removed The ends of the divided ulnar nerve were freshened and sutured with 
silk and tantalum (Major George L Maltby ) 

Case 12 — False ancuiysm, aviHaty aitety, following shrapnel wound Pressuie 
paialysis of medial, ladial and ulnar neivcs Excision of aneuiysm Neurolysis 
Sensory and motot impi ovement 

On September 23, 1943, this officer was struck with multiple shrapnel fragments 
on the anterior chest wall, left elbow and left axilla There was immediate loss of motor 
power of the hand and loss of sensation proximal to the elbow There was very little 
bleeding, but there was considerable swelling in the axilla There was some return 
of sensation in the hand and arm shortly after the injury His wounds healed without 
difficulty 

He entered Ashford Geneial Hospital December i, 1943 Examination was essen- 
tially negative except for the left upper extremity In the left axilla there was an oval 
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Tig ig — Case 12 Appearance o£ the axillary aneurysm after 
excision Note groove made by median nerve 



Tic 20 — A The Matas compressor This is an inexpensive and 
easily constructed instrument 
B The compressor in place on the femoral artery 


304 



Tolumo 120 
INumbcr 3 


VASCULAR INJURIES OF WARFARE 


mass, 5x3 cm , which pulsated with s} stole (Fig i8) There was no thrill, but a harsh 
sjstolic bruit could be heard over it With picssure on the axillary artery above the 
mass the pulsation and bruit could be partially diminished Upon tapping the mass 
paresthesia developed over the entire hand The radial pulse was weak There was 
Inpalgesia and scattered areas of anesthesia oxer the peripheral distribution of the 
ulnar, median, radial, and medial cutaneous ncixes of the forearm Motor power of the 
muscles of the hand and arm xxas weak, and there was considerable stiffness of the 
joints It was apparent that the axillary artcrj had been injured and was the seat of 
aneurj’sm Neurologic examination indicated multiple nerxe injuries, but of a type 
suggesting pressure rather than actual scxerancc 


AKTEKiT 



Fig 21 — Schematic dra>\ing to show communications of arteriovenous fistula and 
necessity of not only quadruple ligation but complete excision with all branches 

Operation was performed December 14, 1943 An incision was made along the 
anterior border of the axilla and extended down the arm about three inches The 
axillary fascia was opened, and the axillary artery exposed above and below the 
aneurysm, and temporary ligatures xvere placed about the vessel The median nerve 
ran directly over the aneurysm and grooved it (Fig 19) Except for flattening and 
some fibrosis the nerve was normal The ulnar nerve was adherent to the aneurysm 
on its medial surface and tlie radial nerve posteriorly These xierv&s were freed from 
the aneurysm xvhich was then ligated both proximally and distally and removed Patient 
returned to duty as a staff officei six weeks later, and he reports that there has been 
a gradual improvement in the motor and sensory function of the arm and hand 

Discussion — Certain basic principles must be observed in the treatment 
of these conditions Such a lesion is never a matter of emergency unless it is 
rapidly progressing in size, or has ruptured, or unless heart failure is im- 
pending Time should be allowed for the development of collateral circula- 
tion about an arteriovenous fistula, usually a matter of thiee or four months 
In an arterial aneurysm the use of artificial means to develop collaterals, 
usually proximal compression of vessels either manually or with the com- 
pressor devised by Matas, should be employed (Fig 20) Where nerve 
lesions accompany aneurysms, complete excision of the lesion, together with 
neurolysis and nerve suture, should be carried out in a single operative 
procedure Where large arterial aneurysms exist without accompanying 
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rerve damage the obliterative endo-aneur3'-smorrhaphy of Matas is the 
operation of choice This type, however, is usuall)^ the result of arteiio- 
sclerosis or syphilis, and is, therefore, less often encountered in young soldiers 
The effect on the heart, the general ciiculation, and the part affected, 
demand that arteriovenous fistulae be completely eliminated The mannei 
of Its obliteration is of importance because if the opeiation is incompletely 
performed recurrence is apt to take place On theoretic giounds it vould 
seem best to repair the opening in both artery and vein, but this is technically 
difficult and may lesult in secondaiy hemorrhage, thrombosis, or recuirence 
Since collateral circulation is usually abundant, complete excision with ligation 
of all communicating vessels is the method of choice Ligation without 
excision usually results in the recurrence since the fistula will be established 
lapidly through collateials (Fig 21) If excision is impossible because of 
the anatomical location as in Case 10, or because of uncontrollable hemor- 
rhage, recourse may be made to infolding the fistula vith heav}’- mattress 
sutures The operation should be carried out with the greatest caie because 
of the number of vessels imolved and because their thinness and friability 
may lead to uncontrollable hemorrhage The operation is best pei formed 
without the use of a touiniquet since individual blood vessels can be better 
isolated and complete excision more thoioughly accomplished Moreover, 
Since the operation is frequently a piolonged one a tourniquet wmuld have 
to be released during the course of the procedure Continuous spinal 
anesthesia has been generally employed in operations upon the lower 
extremity, or intravenous sodium pentothal 01 ether in proceduies in other 
locations 


SITMMAKT 

Illustrative cases are presented showing three mam types of arterial injury, 
namely 

1 Arterial occlusion from seveiance of vasospasm 

2 Blood vessel tumors and injuries activated by tiauma 

3 Aneurysms and arteiiovenous fistulae 

Diagnosis and treatment of these conditions aie discussed 

Illustrative drawings were made by Captain J W Kalin, M C , and Coi poral 
Vincent Destro Photography was done by Captain Floyd B Hall, M A C 
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Discussion — Lt Col Claude S Blck, M C , Cleveland, Ohio I wish it were your 
prn liege, as it has been mine on several occasions, to visit the Ashford General Hospital 
There ^ ou would find a surgical ser\ ice with surgical specialties that would compare very 
fa\orably \Mth the surgical serMces of our best civilian hospitals You would find there 
a group ol ^ascular cases thit, I daresaj, cannot be equalled anywhere else in the world 
In the operating loom jou would find suigical technic of the finest quality 

I might comment bneflj on the incidence of arterial spasm We are acquainted 
with vascular spasm de\ eloping without anj histor}' of injury, but in the military hospitals 
we find more cases of ^asculal spasm than 30U might appreciate 

We find cases of \ascular spasm in the presence of nonpenetrating w'ounds There 
is scarcelj a small Station Hospital where I iisit, where I cannot find one or more 
examples of mild or se\eic \asospasm You w'lll sometimes find it following a simple 
fracture of a long bone, and 30 U will sometimes find \cr} severe forms of vasospasm m 
the more sc\ere wounds, the compound wounds of legs and arms accompanied by infection 
Leiiche, twenU years ago, pointed out that \asospasm could be set up by a slight 
superficial infection, such as j"ou might find between one’s toes, and just a few' weeks ago 
I found a patient in one of our hospitals w ith ti ichophytosis, and he had an extraordinarily 
se\ere degree of bilateral Aasospasm, so se\cre on one foot that an ulcer of the soft 
tissues was present 

Colonel Elkin has referred to the importance of vasospasm in the severely wounded, 
and Iilajor DeBakej’- recentlj' has written a \er}’- excellent short article on vasospasm 111 
w'ar injuries published in “The Bulletin” Afajor DeBakej' points out that vasospasm 
maj be present when the penetiating wound is several centimeters away from the artery, 
and tliat a wound several centimeteis from an arterj may throw' a major artery into 
complete spasm 

It IS appreciated bj' the military personnel that vasospasm may shift the balance 
tow'ard necrosis of soft tissues, that it is impoilant to pay attention to vasospasm when it 
does complicate w'ar injuries, those injuries where the major artery might be severed, 
or other injuries m w'hich 3'ou have edema of tissues, or in which you have hematoma 
under the facial planes w'hich may produce pressure on w'hatevei collateral blood 
supply IS present 

And then, of course, tlie surgeon must pay attention to the kind of dressing that is 
applied to the w'ound, not to put it on too tightly, to be careful in the application of 
plaster encasements, and also in the use of tourniquets Vasospasm can then turn the 
balance towards the production of necrosis of tissues It is also believed that vasospasm 
can be a factor in the development of gas bacillus infections in the soft parts 

I w'ould like to emphasize Colonel Elkin’s fourth case by referring to it briefly 
This patient received a severe injury of his left arm The wound was treated by 
debridement Then, about three w'eeks later, tw'O aneurysms of the left arm were 
excised, one of the brachial artery and one of the ulnar artery, and subsequently, after 
about a week or ten days, the patient show'ed intermittent vasospasm of the left arm 
He gave no history of vasospasm preceding the injur3' Then, after another interval 
of a w'eek or so, intermittent vasospasm appeared in the right arm, and subsequently in 
his legs, and then it spread to involve the trunk, the abdomen, chest, neck, face and ears, 
so that starting w'lth the left arm vasospasm spread to invohe the entire vascular tree 
Sympathectomy was undertaken on the left arm and gave a good result in that arm 
I am curious to find out w'hether it had any effect in breaking the chain of events to the 
other three extremities 

I saw' this patient No doubt if the chain is not broken by the sympathectomy he 
may need sympathectomy in the other three extremities 

Colonel Elkin, in his paper, recommends injection by novocaine or sympathectomy 
in those patients where the viability of the soft tissues is threatened But as I see patients 
m the General Hospitals w'ho have suffered severe w'ar injuries, I think perhaps the 
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operation of sympathectomy should be extended more commonly to those patients who 
have severe symptoms ' from vasospasm without necrosis These symptoms may be 
very severe 

I think perhaps in the future sympathectomy may be applied more commonly to 
these patients 

Dr J D Rives, New Oi leans, La I do not wish to challenge Doctor Elkin’s 
opinion that ligation and complete excision is the most generally useful method of 
treatment in traumatic arteriovenous fistula, but I do wish to call attention to the 
fact that there are many instances in which it is either impractical or undesirable, and 
that in such cases the several operations of Matas are still extremely valuable Several 
individuals writing upon this subject m recent years have made it apparent that the 
principles underlying the Matas’ operations are sometimes imperfectlj understood 
The obliterative aneurysmorrhaphy, whether it be applied to arterial or arteriovenous 
aneurysm, has as its chief advantage the fact that it requires a minimum of dissection 
and preserves all of the collateral circulation 

I would like to show you two slides illustrating this fact This case is one operated 
upon by Dr Urban Maes, the arteriograms having been done by Dr Ross Veal It is 
a popliteal arterial aneurysm, syphilitic in origin The first slide demonstrates the 
fact that the two mam openings into the sac lie superficial in the popliteal space but 
that the sac itself is deeply placed and that the collaterals he immediately adjacent to it 
The second slide shows the conditions after a typical intrasaccular suture by the Matas 
method You will see that the largest collaterals emerge from the mam trunk so close 
to the openings into the sac tliat it would be quite impossible to ligate the artery without 
destroying them Furthermore, dissection of the sac would have destroyed numerous 
other collateral channels that have, by this method, been completely preserved 

The second case illustrates the application of this method to an arteriovenous 
aneurysm This patient was a young colored male who had suffered a gunshot wound 
of the left thigh A huge false aneurysmal sac developed, extending from Poupart’s 
ligament and the pubis to about the junction of the middle and lower thirds of tlie thigh 
It contained fully two liters of blood at the time of operation Due to the location 
of this sac it was impossible to secure preliminary control of the circulation It was 
at first thought to be a connection between the common femoral artery and the femoral 
vein, but proved at operation to involve the profunda femoris The superficial femoral 
artery was stretched across its wall and practically collapsed by pressure It was ligated 
due to an error that resulted from an anatomic anomalj The external iliac artery 
bifurcated above Poupart’s ligament and the superficial femoral and profunda femoris 
passed separately beneath Poupart’s ligament Since obliteration of the artery by 
compression caused marked diminution of pulsation and thrill in the sac, the superficial 
temoral artery and the femoral vein were ligated before the nature of the aneurysm 
was recognized The profunda femoris lay directly beneath the superficial femoral 
artery If an attempt had been made to dissect out this sac and ligate its various con- 
necting vessels I would probably have lost the patient from hemorrhage, and I would 
certainly have destroyed all of the most important collateral circulation to the leg 
By intrasaccular suture it was possible to close the seven openings into the sac and 
preserve an entirely adequate collateral circulation The technical difficulties of this 
procedure I shall not discuss here but I am sure that it will be apparent to you that 
even the intrasaccular suture was far from a simple procedure 

The third case illustrates the usefulness of the reconstructive type of operation for 
direct arteriov'enous fistula This patient was a middle-aged colored male who had 
suffered a gunshot wound of the neck which resulted in the formation of a large direct 
communication between the common carotid artery and the internal jugular vein 
immediately b^ow the bifurcation of the common carotid He was a middle-aged 
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patient with damaged peripheral arteries and it seems to me apparent that under 
such circumstances the ideal procedure should include preservation of the common 
carotid arter}" The trans% enous suture of Matas is applicable only when it is 
possible to obtain complete preliminary control of circulation, which is obviously not 
feasible in the neck unless the arter}' and \ein can be isolated on both sides of the com- 
munication The proximal control in this instance was secured without great difficulty, 
but scarring abo\e the fistula was so dense that e\ery attempt to isolate the external and 
internal carotid arteries and the internal jugular vein resulted in active hemorrhage 
which could be controlled only by suture of the vein Accordingly, the site of the 
arterio\ enous communication was isolated and the fistula closed by means of two rows 
of interrupted U-sutures of silk The \ein was then obliterated by additional sutures 
whicli encircled its entire lumen In this way, the artery was reconstructed and its 
function preser\ed I bclic\e that it is not onl\ unnecessary but unwise to preserve the 
continuity of the iinohed \cin because the venous collaterals are always adequate and 
the preserxation of such a large Aem after considerable trauma to its intima invites 
thrombosis and embolism This operation is simpl}' a variant of the Matas’ transvenous 
suture, making it applicable ^\hen prcliminar3 control of circulation cannot be ac- 
complished In this instance the ligation of all communications and excision of the 
fistula would have seriously impaired the cerebral circulation even if it could have been 
accomplished without undue risk The reconstruction of the artery was not only 
better but easier 

I believe that these examples demonstrate the fact that the Matas operations 
are not obsolete I am sure that Doctor Elkin is fully aware of these facts and 
probably has included them in the complete version of his paper In the limited time 
It was necessary that he place his emphasis on the methods most generally useful in 
the type of cases seen in military hospitals In j'oung individuals with peripheral 
arteriovenous communications the collateral circulation is, I believe, always adequate, 
in most instances preliminary control of circulation is possible, and ligation and excision 
of the aneurysm is the surest and simplest method of treatment This is unquestionably 
true in those aneurysms having numerous communications with a relatively small sac 
such as the three circoid-type aneurysms that he has described I wish to emphasize 
the fact that the surgeon who attacks arteriovenous aneurysms should be familiar with 
all of the various methods that have been described, any one of which he may be called 
upon to use m an individual instance, and that it is not infrequently necessary for him 
to improvise modifications or combinations of these procedures after the nature of the 
lesions has been demonstrated by dissection 

Dr Allen O Whipple, New York I had not expected to discuss this paper, but 
a reference to the work that Doctors Blakemore and Lord have done in this field has not 
been mentioned, and it seems to me that it is only fair to speak of the original work 
they have done 

Blakemore and Lord have devised a nonsuture method of bridging gaps in mam 
arterial defects, which in a large senes of animal experimentations has proven remark- 
ably effective, and has been used in a sufficiently large number of clinical cases to show 
that It IS not only feasible but readily carried out 

I regret that I have not lantern slides to show that method, but the essential parts 
of it are that a vein graft is threaded through a vitallium tube on two ends, and the 
endothelial-covered vein ends are introduced into the ends of artery that Jiave been 
excised or damaged This endothelial-to-endothelial lining permits of a reestablishment 
of circulation through the artery, thrombosis does not result, and the restoration of 
circulation to the hmb is promptly reestablished 

In the animal work which they have carried out, they have excised portions of the 
femoral, ligated the ends, and established an infected wound, and later, between 12 
and 24 hours, have reestablished circulation in that limb by means of this technic 
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I have used it myself in anastomosing the splenic vein to the renal vein in the case 
of portal obstruction, and the patient who had been having repeated gastric or esophageal 
hemorrhages, and had been tapped a number of times before the operation, has had no 
recurrence of bleeding or of ascites for nine months 

I think Doctor Andrus, who has observed this work where it was done m the 
surgical laboratories of Cornell, has seen the animal work in this field, and it seems to 
me it IS only fair to say that this is a method of reestablishing circulation in a mam 
arterial trunk which must be considered and must be given due study and tried 

In a series of eight cases that I saw in Bizerte last summer, seven of them had come 
to amputation (these were injuries to the popliteal arter} ) and they had all been 
previously treated with paravertebral block 

Dr Vilray P Blair, St Louis, Mo Did that vein that substituted for a section 
of a large artery dilate^ If it did not, why’ 

Doexog Whipple All I can say is that a vein has been used to replace segments 
of the abdominal aorta, and an aneurysm has not resulted It is a v erj interesting example 
of Wolff's law, m that function apparentlj"^ creates an hj-pertrophy and hjperplasia 
in the venous segment 

Lx CoL Elkin (closing) I am very glad to have Doctor Whipple bring to the 
attention of this Association Doctors Blakemore and Lord’s work, which of course is of 
extreme importance Doctor Whipple w’lll realize, however, that the patients which I 
reported here were seen anj where from six weeks to six months after the origin of 
the injury, and the application of the principle at that time was hardlv applicable 

In the patient which Doctor Beck discussed, a sj mpathectomj has been done on the 
arm first involved, and that arm appears normal, as normal as a sympathectomized arm 
will, and there is improvement m the other extremities 

I did not wish to leave the impression that complete excision of an arteriovenous 
aneurysm is always advisable or possible, but that many other methods, such as infolding 
or a transvenous closure, or some particular method devised at the moment, may be 
necessary m eradication of these lesions 
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THE USE OF PENICILLIN IN SURGICAL INFECTIONS-^f 
John S Lockavood, M D , William L White, M D , 

AND 

Fk vnklin D jMuhphy, ]M D 

Pnir ADFLi'iiiA, Pa 

FROM TUC II\R''ISON DEPVRTMEM OE SURGtCAL RESEARCH, SCHOOLS OF MEDICINE, 

UMVERsm or penns\lv^\mv, Philadelphia, pa 

The iMPORiANCL or penicillin must be gauged in accordance with its 
relationship to pieMOus methods of treating infection After eight years of 
experience A\ith sulfonamide cheniotheiapy of bacterial infections, it is ap- 
piopriate to examine the piesent status of these diugs as they affect the 
practice of surgery and to deteimme to what extent penicillin gives promise 
of meeting the limitations of the sulfonamides Convincing evidence of the 
Aalue of sulfonamide llieiap}’- is to be found m contiasting the 38 per cent-case 
fatality rate from meningitis dining Woild War I AAith the current Army 
rate of 4 per cent ^ Sinnlai compaiisons could be made with respect to 
pneumonia and sti eptoco^cic sepsis HoAvevei , m considei mg special surgical 
infections separately fiom infectious diseases as a Avhole, we find that the 
sulfonamides possess certain veiy definite shortcomings Avhich are of especial 
significance to the surgeon By a “surgicar’ infection is meant a lesion Avhich 
IS fundamentally associated AAith a localized component in soft tissue, bone, 
or seious cavity, AAithin AAhich irrcA^eisible damage to tissue architecture is 
likely to occur as a result of bacteiial activity, and Aifiiich, under ceitain con- 
ditions, may be benefited by surgical tieatment of the localized focus For 
further discussion of the special characteristics of surgical infections see 
Meleney^ Sulfonamide therapy has modified the invasive aspects of many 
of these surgical infections, paiticularly those due to hemolytic streptococci, 
and, in a less striking degree, to staphylococci , and has thereby reduced 
mortality and increased the efifectiveness of associated surgical treatment, 
fuithermoie, theie is reason to beheA^e that sulfonamides have improA'^ed the 
prognosis of patients Avith various types of peiitonitis of mixed bacteiial 
floia HoAvever, the sulfonamides have almost completely failed to influence 
the localized foci of tissue neciosis once they have developed, and have been 
least effective in surgical infections produced by those organisms which, like 
the Staphylococcus awens, are the most active destroyers of tissue As 
repoited by Doctor Frank Meleney" before this Association a year ago, 
carefully controlled clinical and laboratory studies have failed to support 
enthusiastic claims that systemic and/or local sulfonamide therapy have 
modified the incidence of localized suppuiation m accidental wounds of Soft 

*Read before the American Surgical Association, May 3-4, 1944, Chicago, 111 
tThis report is based on work done under a contract recommended by the Com- 
mittee on Aledical Research, between the Office of Scientific Research and Development 
and the University of Pennsylvania 
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parts and bone, paiticularly if the A\ounds had been subjected to primary 
closure In the presence of products of tissue bieakdown bacteria are re- 
sistant not only to the concentiations of sulfonamides supplied in systemic 
therapy but are also resistant to the action of even locally applied sulfonamides 
In this connection there is, as yet, little really clear-cut evidence that locally 
applied sulfonamides are of any practical value in the ti eatment of suppurating 
wounds (excepting only superficial lesions free of necrotic tissue) unless 
radical surgery is first perfoimed, and in many such cases the surgical 
pioceduie alone might be adequate to eradicate the infection 

Another factor seriously limiting the usefulness of the sulfonamides m 
suigical infections has been the incidence of toxic leaclions, particularly those 
resulting from acquisition of diug hypersensitivity, and those affecting the 
hemopoietic system and the kidneys These reactions have not been so 
frequentty severe as to contraindicate sulfonamide therapy in conditions w here 
they could be relied upon to have definite theiapeutic value — but many con- 
scientious surgeons have been reluctant to use sulfonamides in prophylaxis 
under conditions where the likelihood of serious infection is remote 

In view of these limitations in sulfonamide theiapy as applied to surgical 
infections, it is onl)'^ natuial that the advent of penicillin as a practical thera- 
peutic agent should have been received with interest by students in this field 
Although It IS not within the scope of this paper to present a complete review 
of the literature on penicillin, it seems desirable to present in broad outline 
the historical development of this remarkable drug 

It was shown by Alexander Fleming,® who discovered penicillin in 1929, 
that the drug was highly effective m viUo against staphylococci and other 
gram-positive organisms, and by Abraham, Chain, et at that its activity 
was not seriously impaired in the presence of proteolytic products of infec- 
tion Since It IS not inhibited by para aminobenzoic-acid and peptones, as 
the sulfonamides aie, the action of penicillin appears to be different in char- 
acter from that of the sulfonamides The first reports on the administration 
of penicillin to patients, by the group at Oxford Univeisity led by Professor 
H W Florey, was published in 1941 ® Although they were working with 
rather small amounts of the drug, their results in severe staphylococcic infec- 
tions were definitely encouraging and lent justification to energetic efforts to 
increase the production of penicillin both in England and the United States 
The large-scale production of the drug, derived from cultures of a certain 
strain of the mold Penictllium notaturi, presented technical problems of an 
imprecedented nature, but as a result of the cooperative efforts of the British 
Medical Research Council, the Committee on Medical Research, the War 
Production Board, and several pharmaceutical houses both in Britain and 
the United States, and the laboratories of the U S Department of Agriculture 
m Peoria, Illinois, these problems have been successfully overcome, and the 
production of penicillin has now reached such a volume as to permit ample 
supplies for laboratory and clinical research During the past fourteen 
months the Committee on Chemotherapeutics and Other Agents of the 
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National Research Council, actnjg foi the Committee on Medical Research, 
has been responsible foi the planning and execution of clinical research on 
penicillin, using supplies of the diug pui chased fiom the manufacturers by 
the Office of Scientiffc Reseaich and Development and allocated for civilian 
use by the War Production Boaid As Chau man of this Committee, Doctor 
Chester S Keefei has met uigent lequests fiom civilian physicians for 
penicillin in treatment of seveie sulfonamide-i esistant infections in which 
penicillin therapy might be indicated 

For special research on suigical infections, penicillin has been provided 
to investigators woiking undei the program of the Subcommittee on Infected 
Wounds and Burns, of the National Research Council, and to the Aimy and 
Navy It IS the puipose of this papei to piesent m lather general terms 
what has been learned b} one of the participating gioups legaiding the scope 
and limitations of penicillin m suigical infections and to bung out the extent 
to wluch penicillin gues promise of meeting some important deficiencies of 
the sulfonamides through its effectiveness in the presence of pus, its powerful 
action against staph} lococci, and its lack of toxicit} Among the few papers 
■which have already been published on this subject is the significant report 
of Major Champ Lyons" on experience -sMth penicillin in Army hospitals 
Reports of general clinical studies on penicillin have been published by a 
number of investigators, including Abraham, Cham, Fletcher, Gardner, 
Heatley, Jennings and Florey,*’ Keefer, Blake, Marshall, Lockwood and 
Wood,® Dawson and Hobby,® Herrell,^® and Bloomfield, Rantz and Kirby 



Table I 

Penicillin Susceptible 


Gonococcus 


Staph aureus 

Meningococcus 


Staph albus 

Str hentolyttcus 


Cl tetant 

Sir vtridans 


Cl wclclm 

Actinomyces bo-jts 

Penicillin Resistant 

Cl dtphthenae 

Enterococcus 


B pestis 

Esch colt 


B proteus 

B typhosus 


B pyocyancus 

B paratyphosus 


B Friedlandcr 

B dysentertac 


Brucella 

H tnflucnzac 


B tuberculosis 

H Jjertiissis 


B tularensis 


PROPERTIES OF PENICILLIN AS A CHEMOTHERAPEUTIC AGENT 

Penicillin comes from the manufacturer in the form of the anhydrous 
sodium or calcium salt, varying in color from light yellow to deep reddish- 
brown It is highly soluble m water, but tends to deteriorate m solution, 
particularly at room temperature or higher In the anhydrous state it is 
fairly stable, and may be kept for several months without deterioration, 
particularly at refrigerator temperature It is highly active in vitio against 
most gram-positive species of bacteria, including Staphylococcus aureus and 
alhus. Streptococcus hemolyticiis, and the Clostudia, and is also active against 

313 



LOCKWOOD, WHITE AND MURPHY tcrt‘embc®rw5i 

the gonococcus and the meningococcus The unit of penicillin is based on 
its activity tn viUo and consists in the amount of the drug vhich must be 
added to 50 cc of bioth m order to prevent the growth of a standard strain 
of Staphylococcus am eus Therefore, one milligram of commercial penicillin, 
which contains on the average about 500 units of activity, would inhibit the 
growth of Staphylococcus am eus in 25 liters of culture media Penicillin is 
not active against most types of gram-negative bacilli, including Esch cob, 
B pyocyaneus and B pioteus, m fact the colon bacillus produces a sub- 
stance, penicillinase,^- which vill rapidly destroy the activity of penicillin — a 
phenomenon of considerable importance in the practical treatment of surgical 
infections where this organism is present in mixed culture with gram- 
positive, susceptible organisms 

The mode of action of penicillin is still unknown Strictly speaking, it is 
a bacteriostatic drug in that it appaientl}' produces its effect on bacteria m 
the host by destroying their ability to multiply, once bacteria in the body 
cease to multipl)< and pioduce toxins they are rapidl}' destroyed by the anti- 
bacterial mechanisms of the host Since the concentration required for this 
action IS exceedingly small, about one-thousandth of a milligram of the pure 
drug per 100 cc of media, it is reasonable to believe that penicillin must 
exercise a highly selective effect on an enzyme system concerned m the 
piocess of bacterial growth Its usefulness as a chemotherapeutic agent is a 
lesult of its ability to circulate throughout the body fluids m an actne state 
and without producing any appai ent toxic action on the cells of the host 
Penicillin must be administered parenterally, because it is inactivated by 
gastric juice and is not readily absoibed from the intestinal tract It is 
rapidly excreted in the urine and in the bile, the rate of its excretion and the 
concentration in the blood depending upon the route of injection The 
highest blood concentrations and excretion rates occur with intravenous 
injection and the lowest with subcutaneous administration while the curves 
for intramuscular injections occupy an intermediate position In practice, 
penicillin is usually given either by continuous intravenous drip, the 24-hour 
dose of drug being dissolved in the amount of normal saline or glucose which 
the patient can be given intravenously during this period, or in repeated 
intramuscular injections at intervals of two, three, or four hours, depending 
upon the mtensiveness of treatment required At this period in the develop- 
ment of penicillin, -when the supply is limited, it is perhaps fortunate that 
the drug must be given parenteralty, and, therefore, usuallj’^ in hospitals, 
because, apart fiom existing legal lestrictions this piovides the only effective 
brake on the indiscriminate use of penicillin for all sorts of minor conditions 
The dosage of penicillin m various types of infections is not yet stand- 
ardized Emphasis has necessarilj'- been placed upon determination of 
minimal effective doses for different types of infections because of the scarcity 
of the drug, but the almost complete lack of toxicity of penicillin has per- 
mitted considerable latitude in pushing dosage upivard Avhen smaller doses 
are ineffective Most cases of gonorrhea will, for example, respond to 
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lOjOOO units every thiee houis for five doses, a total of 50,000 units How- 
ever, in cases of severe staphylococcic bacteiemia, the aveiage dose of T20,ooo 
units per day for ten da>s may at times be inci eased to 300,000 or 400,000 
units per day for a similai peiiod Increasing systemic dosage beyond this 
point will probably result only m waste of the drug Duiation of treatment, 
of couise, depends upon the clinical response of the indnidual case, upon the 
timing and feasibility of associated surgical pioceduies designed to remove 
penicillin-resistant foci such as bone sequestra, and, finally, upon clinical 
judgment m respect to the likelihood of 1 elapse in the type of infection being 
treated jMuch more experience will be lequiied befoie definitive rules can be 
proMded in these matteis of dosage and duiation of treatment 

LOeVL USE OF PENICILLIN 

There are a number of conditions in ^^hlch it appears to be desiiable to 
use local penicillin either 111 conjunction \Mth sjstemic theiapy 01 by itself 
It happens that penicillin is not leadily permeable thiough seious and endo- 
thelial membranes, including the so-called “blood-bram bainer,” therefore, it 
is usual practice 111 tieatment of meningitis to inject about 10,000 units once 
or twice daily into the lumbar canal or the cisteina In a similar \vay 
penicillin may be injected into empyema cavities and infected joints into 
which the passage of penicillin from the blood is usually quite limited, the 
high local concentrations produced by this method piobably aid in causing 
disappearance of the infecting organisms, but wull not necessarily render 
surgical drainage unnecessary 111 chionic cases if the cavity is thick-w^alled 
and contains large masses of heavily infected fibrin Penicillin solutions con- 
taining 50 to 250 units pei cc may be used for semi-continuous iriigation of 
contaminated or infected wounds and are especially useful, in our experience, 
in the postoperative management of w'ounds incident to sequestrectomies 
for chronic osteomyelitis 

Studies now in pi ogress under the auspices of the Committee on Medical 
Research should develop the possibilities of penicillin in various vehicles foi 
local treatment of w^ounds, as yet, our owm clinical experience with these 
preparations has been inadequate to justify any definite statements other 
than that the results are highly encouraging How^evei, Floiey and Williams^^ 
have reported a controlled series of no minor surgical infections of tlie hand 
111 which the results of local penicillin tieatment as an adjunct to surgical 
therapy w^ere compared wath 102 control cases treated by standard methods 
Among 35 pulp and tendon sheath infections, alone, the saving of wmrking 
time attributable to penicillin w^as 1000 days' "In the penicillin treated 
series, given adequate access and removal of dead tissue, sepsis by clinical 
and bacteriologic criteria -s\as eliminated w'lthin a w^eek ” The total amount 
of penicillin used to treat over 100 cases locally w^as less than 500,000 units, 
which IS a minimal dosage fox systemic treatment of one case of severe 
sepsis Another group'^’’ in Britain have found an ointment containing 
penicillin to be useful m shortening the healing time of infected superficial 
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burns Garrod^® has written on the prophylaxis and treatment of war wounds 
with penicillin 


LABORATORY STUDIES 

One fact which has stood out as of paramount importance in the effective 
utilization of penicillin has been the necessity for careful bacteriologic study 
of every case in which the drug is used In the first place, one must know 
whether or not the causative organism is susceptible, because occasional 
lesistant strains of staphylococci or streptococci are encountered which will 
require more intensive treatment Determination of sensitivity of an organism 
to penicillin can be performed b)’^ a simple procedure adaptable to any bac- 
teriology laboratory® In the second place, it is important to identify the 
presence of penicillin-resistant species such as Esch coh, or B pyocyanens or 
B proteiis, although not highly parasitic in wounds when in pure culture, 
these types of bacteria are not only resistant to ordinary concentrations of 
penicillin but as previously mentioned, some of them elaborate a “penicil- 
linase” which rapidly destroys penicillin and may interfere vith the action 
of the drug on penicillin-susceptible species which are present in the wound 
Finally, frequent examination of the bacterial flora of the exudate in a local- 
ized infection, or the blood in a case of bactenemia, is the best method of 
determining the adequacy of treatment in any individual patient, and may 
be employed in determining the optimal time for surgical intervention in 
cases of chronic osteomyelitis with draining sinuses or in determining a 
favorable time for secondary suture 

Determination of the concentration of penicillin in the blood and body 
fluids IS a procedure requiring some special laboratory facilities and technical 
skill,^'^ and, though important to the conduct of research on penicillin, will 
probably not be essential to the routine practical use of the drug in treatment 
of infections In this respect penicillin differs greatly from sulfonamides 
because excessive blood levels of penicillin are simply wasteful and not 
actually dangerous to the patient Determination of susceptibility of the 
organism to penicillin and of the clinical and bacteriologic response of^ the 
patient are adequate practical guides to the administration of this drug 
It goes without saying that in using penicillin m the treatment of acute and 
chronic infections one must not lose sight of the importance of other aspects 
of therapy, such as maintenance of adequate nutrition, correction of anemia 
of the results of many investigators wnll be of far greater significance than 
ment of wounds These considerations have been well emphasized by Lyons 

RESULTS OF PENICILLIN IN SURGICAL INFECTIONS 

During the past i8 months our penicillin research unit at the University 
of Pennsylvania has been privileged to treat about 440 patients, not only m 
our own hospitals, but also in many other jnstitutions in Philadelphia In 
some of these cases the entire clinical management has been m our hands, 
but in many we have served only as a distributing agency for supplying the 
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drug after having satisfied ourselves as to the suitability of the case for penicil- 
lin treatment In all cases the oppoitumty has been given to us of regulating 
dosage and laboratoiy^ studies, making frequent examination of the patients, 
and preparing special reseaich lecoids The diseases treated have been of 
many varieties — both medical and surgical, and except for special research 
cases of chronic osteomyelitis and pulnionai}^ suppuration, all of them were 
criticall}' ill Most of them had received intensive sulfonamide treatment 
iMthout success for periods of ti\o days to several weeks As a rule, the 
request for penicillin was not made by the attending suigeon or physician 
until otlier available measures had failed to efifect a cure, and, with only 
limited amounts of penicillin available, we w^ere disposed to treat only such 
cases as had failed to respond to othei therapeutic measures This has made 
It possible for us to study severe infections in all stages of development, from 
very early lesions to very advanced ones Because of the wide scope of this 
study we have chosen to avoid an} attempt at a piesentation of our detailed 
statistics at this time The statistics to be published later through a pooling 
ot the results of many investigators wull be of far greater significance than 
those from any one mint Instead, we propose in this paper to discuss in a 
general w'a}, the results of penicillin therapy in several broad categories of 
surgical infections — introducing selected case summaries to illustrate the 
bases for the conclusions w^hich we feel permitted to make The four main 
groups to be discussed are acute disseminated sepsis, and localized infections 
of serous cavities, soft tissues, and bone, respectively 

ACUTE DISSEAUNATED SEPSIS (BACTERIA AND MENINGITIS) 

Included in this group w'ere 57 cases of staphylococcic bacteriemia of 
which two-thirds survived, 15 cases of streptococcic bacteriemia and 50 cases 
of suppurative meningitis, of w Inch 43 wmre pneumococcic and 5 staphylococcic 
The cases of staphylococcic bacteriemia probably illustrate better than any 
others the important position of penicillin as a chemotherapeutic agent 
Whenever possible these cases weie treated by the continuous intravenous 
drip method and received doses of 60,000 units to 150,000 units in each 24- 
hour period With impressive regularity these patients tended to show 
improvement wnthin 48 hours and, unless complications had developed, were 
clinically recovered from the acute disease within three to seven days The 
complication most likely to interfere with successful treatment was vegetative 
endocarditis, which developed m ten cases In most of these bacteriemia 
cases no resort was made to surgical treatment of foci of localization during 
the acute septic phase of the infection because in the face of progressive 
improvement in the patient’s condition it seemed wise to defer operative 
procedures until a time of election In several instances the foci of localiza- 
tion subsided without requiring drainage, particularly those developing in 
well vascularized tissues about the fate, and in the lung When localization 
m bone occurred it has usually been necessary to resort, ultimately, to surgical 
drainage This will be discussed later as a special topic 
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Case I— H E (Fig i) Diagnosis Cavernous sinus thrombosis Staphylococcus 
auieus bacteriemia 

A 3S-year-old Negro developed swelling of eyelids and fever two days following 
a severe blow on the nose On admission to the Pennsylvania Hospital, March 6, 1943, 
he was acutely ill, showed chemosis and proptosis, with engorgement of veins and 
ophthalmoplegia on the left side Blood culture was positive for hemolytic Staphylococcus 
aureus The same organism was present in purulent drainage from the right eje After 
failure to respond to sulfadiazine for 48 hours he was given penicillin intravenously 
Heparin and dicoumann were given to prevent propagation of thrombi His response 
to the treatment was very satisfactory Temperature became normal in four days 
The local signs subsided progressively He was discharged, well, on April 25, 1943 

Case 2 B C (Fig 2) Diagnosis Staphylococcus auicus bacteriemia, question- 
able acute endocarditis 

An ii-year-old boy entered the Hospital of the University of Pennsylvania, May 

1943, during the third week of an acute illness characterized by fever of 104° to 
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106“ F, headache, and delirium He had received sulfathiazole and sulfadiazine without 
apparent benefit The day before admission petechiae had appeared on the extremities, 
and soon appeared m conjunctivae and mucous membranes as well Blood culture was 
positive for hemolytic Staphylococcus auieus Penicillin was started by intravenous 
drip in doses of 100,000 units daily Blood culture remained positive for two days, 
spleen became palpable and tender, and a rough systolic murmur appeared, justifying 
a diagnosis of acute vegetative endocarditis Spiking fever continued m spite of the 
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de\ elopmciit of negatuc blood cultuics On June 6, when the temperature reached 
106° F, it was decided m desperation to try combining sulfadiazine w'lth penicillin 
Prompt and progressne iinp'o\emcnt followed Within a week the temperature had 
reached ncar-noimal lc\eh, the heait murmur disappcaied, and the patient appeared 
to be coinalescing There were some febrile episodes m his com sc thereafter, the 
mo‘:t alarming being associated with unexplained mcningismus and pleocjtosis of the 
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cerebrospinal fluid, but there w^as no recurrence of staphylococcic sepsis He was 
finally discharged in good condition on July 18 At no time did he develop any lesions 
requiring surgical drainage The primary focus of his infection remained indeterminate 
This case apparently represents a recovery from acute staphylococcic endocarditis, 
a complication which has seemed usually to be fatal in spite of penicillin The clinical 
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evidence of the value of combined therapy with sulfonamides and penicillin tends to 
confirm laboratory studies on this point 

Case 3 — D M (Fig 3) Diagnosis Staphylococcus aureus bacteriemia and 
meningitis 

A six-year-old white girl came into the Jewish Hospital, September 27, 1943, three 
days after acute onset of pain in the left hip and thigh Her temperature was fluctuating 
between 105° and 107° F A diagnosis was made of acute osteomyelitis of the left 
femur, with Staphylococcus attieus bacteriemia Petechiae appeared, but without other 
evidence of endocarditis Penicillin was commenced on September 29, 1943, and con- 
tinued for two days at 100,000 units per day, and for one day at 200,000 units In 
spite of these doses, which were large for a child of her age, the bacteriemia persisted, 
she showed no evidence of response to treatment and died October 2, 1943 

Autopsy disclosed widespread staphylococcus infection involving meninges, lungs, 
kidneys, left femur and left knee joint Laboratory studies revealed that the inhibiting 
concentration of penicillin for this organism was four hundred tunes the usual level for 
Staphylococcus aureus This fact explained the fatal outcome 
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Meningitis, with or without bacteriemia, has continued to present major 
problems in management Some of the cases, paiticularly those due 
to staphylococci, have responded rather promptly, even at times without 
intrathecal treatment, but the patients Avith pneumococcic infection have, m 
our experience, required especially energetic treatment, and the majority 
have died, nevertheless As a rule, it was possible to obtain a marked bac- 
teriologic response in these cases, the blood stream and spinal fluid showing 
either marked reduction in numbeis of bacteria or even frank sterilization, 
but with the patient then succumbing either to hydrocephalus from mechanical 
block of spinal fluid drainage, from an acute toxic encephalitis, or from 
bacterial endocarditis In cases of pneumococcic meningitis we feel that a 
daily injection of about 10,000 units of penicillin into the lumbar canal, 
cistern, or ventricles is imperative — and recent experiences suggest that the 
cisterna injections aie particularly advantageous 111 severe infections In 
meningitis it remains a matter of great importance to explore poten- 
tially infected mastoids in cases where a prompt clinical response is not 
forthcoming 
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Case 4 — B A P (Fig: 4) Diagnosis Postoperative Staphylococcus aureus 
meningitis 

Following operation, Decembci 28, 1943, for cerebellar tumor tins three-year-old 
child developed an acute Staphylococcus atucus niemngitis Treatment for 18 days 
with sulfadiazine failed to rclie\e the infection and spinal fluid cultures remained 
positne Penicillin was started si steinically and mtiathecally on the 19th day and 
continued for three weeks Spinal fluid cultures became negative after the first day 
of treatment and remained so thereafter One week after completion of penicillin 
treatment she was dischaigcd in good condition 

Case 5 — D K (Fig s) Diagnous Piicumococcic meningitis following mas- 
toiditis 

This two and onc-half-j car-old bab}' was admitted to the sei\ice of Dr William 
Atlee, Lancastei, Penna General Hospital, February 9, 1944 He w’as acutely ill and 
stuporo is with pnaimococcic (Tjpe XIV) meningitis secondary to acute* otitis and 
mastoiditis During the first four da\s sulfadiazine and specific antiserum w^ere admin- 
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istered, without improvement, stupor remained and right hemiplegia and nystagmus 
appeared Penicillin m doses of 50,000 units daily intramuscularly was started on 
February 13, and 5,000 units w'ere given daily into the cisterna Within four days 
n arked improvement had occurred Negative cultures of spinal fluid were obtained 
on February 16 The temperature rose again on the 22nd and 23rd, when penicillin 
was given by lumbar, instead of cisterna, puncture, but spinal fluid culture remained 
negative On February 26 a radical mastoidectomy was performed Five days later 
the penicillin was stopped The mastoid wound healed uneventfully He gradually 
lecovered from the paralysis, and by March 24 was able to walk 

This case represents a recovery from meningitis of extreme severity It 
illustrates the importance of intrathecal penicillin, the possible superiority 
of cisternal lumbar injections, and the need for surgical drainage of primary 
foci 

Of the 44 cases of pneumococcic meningitis which we have treated only 
eleven have recovered, and three of these are hopeless “spastics ” All of 
the five cases of staphylococcic meningitis recovered It is probable that 
through increasing experience wuth the use of penicillin in these cases, and 
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With more frequent employment of mtracisternal treatment, recovery m a 
considerably larger proportion of patients with this disease may be obtained 
Penicillin is quite adequate to deal with the pneumococcus when intimate 
contact of bacteria and drug can be effected 


LOCALIZED INFECTIONS IN SEROUS CAVITIES 

A Empyema When the empyema is due to an infection with a penicillin- 
sensitive pneumococcus, staphylococcus, or streptococcus, m pure culture, and 
treatment is instituted within the first few weeks, it is possible to bring 
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(a) (W 

Fig 7 — P W Pneumococcal (type s) Empyema (a) X ray on admission to hospital 
(b) X ray 13 days after penicillin treatment was started 

about sterilization of the cavity, and ultimate cure, without resorting to 
thoracotomy drainage We have seen this accomplished m 19 cases through 
frequent aspiration of the cavity and injection of 10,000 to 25,000 units of 
the drug If the patient is acutely ill, or shows other evidence of continuing 
parenchymal infection in the lung it is necessary to use systemic treatment in 
combination with the local injections Failure to obtain a satisfactory bac- 
tenologic and clinical response after two or three weeks of treatment will, 
of course, demand a resort to rib resection, but convalescence is shortened 
when this can be avoided 

Case 6— P W (Figs 6, 7 and 8) Diagnosis Pneumococcic empyema 
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This 58-year-old, white male, entered the Jefferson Hospital, January i8, 1944, on 
the fifth day of an attack of pneumococcic lobar pneumonia Blood culture was positive 



(a) (b) 

Fig 8 — P W Pneumococcal (type 5) Empyema (a) X ray 26 days after penicillin 
treatment was started (b) X ray i month after discharge 

for Type V pneumococcus He received sulfadiazine from admission imtil January 29 

Aspiration of the chest on Januarj' 20 revealed thick, green pus, culture again showed 

Type V pneumococcus The patient was treated with daily aspirations of pus and 

injection of 18,000 units of penicillin from January 21 to March 4 Cultures of the 
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empyema fluid were negative after the first injection of penicillin and remained so 
thereafter except for one positive culture on January 31 He was discharged, March 4, 
1944> and has remained well subsequently 

Case 7 — B S (Figs 9 , 10 , ii, 12 and 13 ) Diagnosis Empyema, polymicrobic. 

323 


LOCKWOOD, WHITE AND MURPHY Annal> of surgery 

September 1944 

This nme-year-old boy entered the Woman's Medical College Hospital, February 7, 
1944, because of empyema which had developed following pneumonia treated with 
sulfadiazine five weeks before Aspiration on February 8, 1944, showed 50 cc of thick 
creamy pus, containing Staphylococcus aureus, Streptococcus hcmolyhcus and Pneu- 
mococcus Penicillin was given systemically from February 9 to March 4, a total of 
1,875,000 units In addition, aspiration of pus and injection of 20,000 units of penicillin 
was performed on six occasions between February 9 and Febiuary 18 The culture 
on February 13, after four days of penicillin, showed only one colony of hemolytic 



Fig 10 — B B Empyema — X ray of chest znd day of penicillin treatment 

streptococcus, and subsequent cultures were sterile The child’s condition showed a 
parallel improvement, and by March 3 the empyema cavity was completely obliterated 
He was discharged March 10, 1944, with evidence of slight pleural thickening, but 
otherwise in good condition 

This presents a good response m a mixed infection, but all of the organisms 
were sensitive to penicillin 

It should be observed that almost all current cases of empyema have 
had sulfonamide therapy, which has ceitainly modified the severity of the 
disease, and even brought about cure m many early cases, without need for 
surgical drainage From our experience m the 34 cases of pneumococcic 
empyema, we are inclined to feel that treatment according to the plan carried 
out in the above case, without systemic penicillin, will permit avoidance of 
surgical drainage in perhaps the majority of cases when the empyema is 
unilocular A single daily injection is sufficient to maintain a high concen- 
tration of penicillin in the pleural cavity Of course, this treatment will be 
ineffective when the cavity is multilocular unless each pocket is dealt with 
separately 
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B Suppurative Arthritis What has been said m regard to empyema 
tends also to apply to suppurative arthritis Complete restoration of function 
after staphylococcic arthritis has occurred in several cases 

Case 8 — E R Diagnosis Arthritis of knee due to Staphylococcus aureus 
A 33-year-old male came m for treatment of a chrome infection of the right supra- 
patellar bursa and knee joint He had had an amputation of his left leg seven years 
before because of recurrent osteomyelitis The present lesion was associated with a 
persistent infection in the lower end of tlie right femur which had been draining 



Tic 13 — B B Empyema — Followup X ray z weeks after discharge 

almost continuously for two and one-half years At the time of an episode of active 
infection in June, 1943, the right knee joint had become infected with frank pus, and 
the surgeon who was taking care of him at that time inserted through-and-through 
drainage with rubber dam across the suprapatellar bursa When he entered the Hospital 
of the University of Pennsylvania, November 17, 1943) he had been carrying this dram 
through his knee joint for more than four months The infection m the femur was 
quiescent, but large quantities of pus were pouring from the drainage wounds of the 
joint Culture showed hemohtic Staphylococcus aureus and diphtheroids Penicillin, 
100,000 units per day intramuscularly, was started on November 18 and continued until 
November 27, by which time drainage had practically ceased and culture showed only 
diphtheroids On that day he was operated upon— the scarred sinuses were excised 
down to the thickened synovia and two small catheters were introduced Systemic 
penicillin was continued and, m addition, 1,800 units of dilute penicillin was injected 
through the catheters every six hours After one week, the cultures having remained 
sterile, the catheters were removed and two days la+er the systemic drug was discon- 
tinued Active motion of the joint was then commenced Infection did not recur, 
though straw-colored fluid free of staphylococci continued to dram intermittently for 
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sc\cral weeks B\ Februarj i, 1944, liis wounds w'erc entirely healed He was reex- 
amined March 3, 1944, when his knee showed full range of motion He is now back 
at regular work, cntirelj free of s\inptoms 

This case jllustrates the remarkable recuperative porver of chronically 
infected s} novial tissue when active infection is eliminated with penicillin 

Case 9— H S Dtagttous Suppuratne arthritis of ankle due to Staphylococcus 
aureus 

A 64-} car-old white male dc\ eloped a suppuratue arthritis of the ankle and was 
admitted to the Pennsj h ania Hospital, April 14, 1943, the fifth day of disease He 
showed onh moderate sjstcmic reaction but aspirated joint fluid showed pure culture of 
Staphylococcus aureus The culture remained positne after four days of sulfadiazine 
thcrapj Penicillin was gnen in doses of 100,000 units daily for one w'eek, and at 
50,000 units dailj for nine additional dass On the fourth day of penicillin treatment, 
the joint fluid became sterile and remained so After a period of treatment of careous 
teeth he was discharged with a normall> functioning ankle joint on June 18, 1943 





Fig 14 

It IS worthy of note tliat this patient received no local treatment of the 
infected joint other than aspiration He would probably have recovered 
more rapidly if penicillin had been administered by injection into the joint 
C Pentoiutis It has been possible to study only a few cases of peritonitis 
—partly because the limited supply of the drug has been inconsistent with 
treatment of infections in wdiich penicillin-resistant organisms predominate, 
^od partly because of the difficulty of evaluating the influence of a chemo- 
therapeutic agent in lesions ivhere there is considerable likelihood of recovery 
without the drug Certainly, the cases of primary peritonitis from hemolytic 
streptococcic or pneumococcic infection would be expected to respond favor- 
ably to penicillin treatment Less certain would be the results in treatment 
of infection developing after appendicitis, including pylephlebitis and peri- 
hepatic infections However, some encouragement is to be found in cases 
such as the following 

Case 10 —J N (Fig 14) Diagnosis Diffuse peritonitis, polymicrobic 
This is-year-old girl came in in shock and with paralytic ileus from appendical pen- 
onitis which appeared clinically to be of generalized extent She was given sulfadiazine, 
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plasma, Wangensteen suction, and oxygen After a stormy week she developed a pelvic 
abscess which pointed m the vagina and was drained Some improvement followed, 
including return of peristalsis, but elevated temperature, pulse and respirations persisted 
and her condition appeared critical Blood cultures were negative Another abscess 
was drained through a McBurnev incision, November 19, 1943, but no improvement 
resulted The pus from both abscesses showed hemolytic and nonhemolytic streptococci. 
Staphylococcus auicus and E colt, and the second abscess showed Cl ivclchn in addition 
On November 22 penicillin m daily dose of 120,000 units was started intramuscularly 
at two-hour intervals On November 24 her temperature remained for the first time 
at near normal levels and she began to feel much better Culture showed disappearance 
of hemolytic streptococci By November 26 only the nonhemolytic streptococci were 
present 111 the wound Penicillin was continued until December 4, until normal tem- 
perature had remained for one week She was discharged on December 12, but returned 
for uncomplicated appendicectomy in March, 1944 

In this case it appeared that the seveiit)' of the illness was attributable 
to hemolytic streptococcic infection Once this oiganism was eliminated with 
penicillin she improved a^er}' rapidly 

Case II — E B (Fig 15) Diagnosis Acute suppurative pancreatitis 

After severe upper abdominal pain and nausea of eight days duration, this 33-)'ear- 
old white female showed a sharp rise of temperature to 105° F, WB C of 33,000, and 
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Fig 15 

was operated upon foi acute pancreatitis Cultuie of the inflamed pancreas showev. 
Cl welcJm and hemolytic Staphylococcus ameus Cholecystostomy and drainage of 
the pancreas were perfoimed by Dr J E Rhoads The following day, when bac- 
teriologic report was available, she was given lo,ooo units of polyvalent antigas gangrene 
serum and started on 100,000 units of penicillin per day by continuous intravenous 
infusion Rapid and progressive improvement followed, as shown in the chart, and 
she was discharged on the i6th day 

Certainly, there would be no justification for suggesting any modification 
*n the indications for surgical intervention in cases of appendicitis, cholecystitis 
and peritonitis Good results should be hoped foi only in occasional cases 
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selected for penicillin tiealment on the basis of careful bacteriologic 
examination 


LOG VLTZED INFECTIONS IN SOFT TISSUES 

A CcUuhhs oj the Pace and Oihii Particularly striking have been the 
results of treatment in patients with cellulitis of the face and periorbital 
tissues The recupeiative power of these well vascularized areas is illus- 





Fig j6 — M S Orbiinl cellulitis 
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trated by the frequency with which penicillin treatment has been sufficiently 

effective to prevent suppuration in areas of facial cellulitis (Refer to 
Case r ) 
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Case 12— A S (Figs t6 and 17) Dtagnom Orbital cellulitis 
This eight-year-old girl developed furunculosis of the right lower eyelid, and was 
admitted in stuporous condition to the service of Dr William Atlee, St Joseph’s Hos- 
pital, Lancaster, Pa, January 21, 1944 In spite of sulfadiazine she developed broncho- 
pneumonia and meningitis, but with sterile cultures On January 24 the blood culture 
showed Staphylococcus ctireus and there was evidence of spreading infection Penicillin 
was started intravenously at 100,000 units per day, and 10,000 units were administered 
daily by lumbai puncture After two days the dose of systemic penicillin was increased 
to 150,000 units because the blood culture was still positive By January 27 the lesion 
of the right eyelid had localized sufficiently to permit incision and drainage Culture 
showed Staphylococcus albus At the same time the ethmoid plate was curetted and 
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found to be infected Her subsequent recovery was uneventful Penicillin was dis- 
continued on February i, and she went home two weeks later with the drainage wound 
of the eye completely healed 

Case 13— J M (Fig 18) Dtagnosis C^lluhUs oi ih& iaze., Staphylococcus aureus 

A is-year-old school boy developed cellulitis of the upper lip following severe 
trauma, and was admitted to the Hospital of the University of Pennsylvania, November 
13, 1943. under care of Dr T Grier Miller The entire right cheek was involved and 
both eyelids were swollen Culture of the lip wound showed hemolytic Staphylococcus 
aureus After 24 hours of penicillin, at 100,000 units per day, his temperature became 
normal Regression of the cellulitis took place rapidly, and the patient was discharged 
on the tenth day, with his wound healed 
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In this case the development of serious complications was prevented by- 
prompt use of penicillin 

Case 14 — D B (Fig 19) Diagnosis^ Orbital cellulitis— bactenemia due to non- 
liemob tic streptococcus 

On I^Iarch 23, 1943, the Army Station Hospital in Atlantic City admitted an 18- 
3 car-old Air Force cadet who had developed severe pansinusitis following measles, and 
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Fig 19 

had been placed on sulfadiazine therapy When a “picket-fence” temperature curve 
developed, two blood cultures revealed nonhemolytic streptococcus bactenemia, and he 
began to show signs of orbital cellulitis, with proptosis and chemosis of his right eye 
On April 10, 1943, penicilllin was commenced in doses of 120,000 units per day Rapid 
improvement followed, the temperature falling from 103° F to normal within 12 hours, 
and It remained normal thereafter Subsequent blood cultures were negative After 
three days of treatment a retro-orbital abscess pointed beneath the lateral end of the 
supra-orbital ridge, and was incised Culture showed nonhemolytic streptococcus A 
small amount of dilute penicillin was instilled into the cavity Within a few days the 
lesion had healed completely There w'as no residual evidences of damage to orbital 
structures (This case is reported through the courtesy of Captain Victor R Alfaro, 
MC, AUS) 

B Boils and Carbuncles We have treated few cases m this categor}T 
because of the likelihood of spontaneous recovery and the shortage of the 
penicillin supply However, there is every reason to believe that the manage- 
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tnent of these cases will be improved through combining penicillin therapy 
^vlth surgical removal of devitalized skin, fat and fascia Checking of the 
spread of cellulitis and localization of the suppurative focus usually occurs 
within two or three days of commencing systemic therapy After drainage is 
obtained the local irrigation of the wound with penicillin solutions containing 
100 to 250 units per cc seems to shorten the time of healing, but controlled 
observations of this effect are not yet forthcoming 

C Pidmonaiy Suppinaiton We have been especially interested in the 
possible usefulness of penicillin m the treatment of patients with pulmonary 
suppuration, and in the preoperative preparation of such cases as a means 
of reducing the incidence of postoperative pneumonia and empyema following 
lobectomy or pneumonectomy The treatment of patients with chronic putrid 
lung abscesses has not yielded striking results, perhaps because many of the 
bacteria in these lesions aic resistant to penicillin The most that can be 
reasonably expected of the drug in these cases is to place the patients in 
better condition for operation and to reduce the incidence of postoperative 
infection of the pleural cavity 

Case 15 — G C (Fig: 20) Diagnosis Chronic puJmonar}' suppuration 
A 70-year-old white male was admitted to the service of Dr Charles Bailey, at 
Hahnemann Hospital, Philadelphia, October 26, 1943, for treatment of chronic pul- 
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Fig 20 

monary suppuration His history was exceedingly complex, but the best clinical inter- 
pretation of his course was as follows Perforation of a peptic ulcer in January, I943t 
followed by a subphremc abscess which ruptured first into the right pleural cavity, and 
then extended to involve the parenchyma of the right lower lobe This drained spon- 
taneously through the bronchus, but, in August, 1943> supplementary drainage was 
provided by thoracotomy At the time of admission to Hahnemann Hospital he was 
chronically debilitated, and was raising two ounces of sputum a day, containing staphylo- 
cocci, pneumococci and other mouth flora His thoracotomy wound was still draining 
profusely Penicillin was started on October 22, 1943, with 100,000 units per day 
intramuscularly, in preparation for lobectomy, which Doctor Bailey performed Novem- 
ber IS, 1943 Right lower and middle lobes were removed and heavy contamination 
of the pleural space occurred from opening a mediastinal abscess and a collection of 
pus between diaphragm and lower lobe, and from division of the posterior sinus tract 
The wound was closed except for a catheter dram, 25,000 units of penicillin was placed 
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m the cavity, and penicillin was continued by intravenous drip, and later intramuscularly, 
for two weeks The patient was discharged December 8, 1943 

It IS not our belief that prophylactic penicillin wull eliminate the problem 
of empyema following contaminated lung lesections However, cases of this 
type offer encouragement to pioceed with a caieful estimation of the place of 
penicillin used m this w^ay A conti oiled study wdiich is now m progress to 
evaluate this procedure has shown a much highei incidence of postoperative 
emp}ema in controls than in patients given penicillin before and after opera- 
tion This stud} will he leported at a later date 

When the lung abscess is due to infection with Staphylococcus auiens m 
pure culture it appears that pemcillni will at times aid m bringing about a 
cure without the need foi resort to surgeiy 

Case 16 — S (Figs 21, 22, 23, 24 and 25) Diagnosis Acute lung abscess, 
Siaphylococcus aureus 
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A four and one-half-year-old boy developed severe cough and pam m the chest 
following measles, and was admitted to the Children’s Hospital March 23, 1943 
Roentgenograms, March 27, showed a large abscess of the left upper lobe with fluid 
level Bronchoscopic aspiration on March 29 yielded pure culture of Staphylococcus 
aureus Despite sulfonamide therapy, the patient s condition deteriorated and the 

333 






Volume 120 
Number S 


PENICILLIN 


abscess enlarged On April 2, 1943, penicillin treatment was commenced A second 
bronchoscopic aspiration was performed the following day Fever rapidly abated, and 
subsequent roentgenograms showed progressive disappearance of the abscess He 
recened a total of 415,000 units 



Fig 25 — T S Hemoh tic Strep aureus — lung abscess v ra> of chest 5 day s after penicillin 

treatment was started 

Penicillin cannot be expected to have a lasting curative effect in chronic 
bronchiectasis, but it may be used as a means of piepanng septic cases foi 
surgical treatment, though the striking effect bi ought out in the following 
case cannot be expected as a general rule 

Case 17 — B F (Fig 26) Diagnosis Chronic bronchiectasis 

This 16-} ear-old girl was admitted to the Hospital of the University of Pennsylvania 
under the care of Doctor Simon Leopold, July 29, 1943 She had rather extensive 
bronchiectasis, with symptoms extending back for ten years The disease was largely 
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Fig. 26 


confined to the left lung, and the only contraindication to proceeding with lobectomy 
was the presence of active pulmonary infection At the time of admission she had 
been running a spiking temperature for several months and was raising up to 200 cc of 
sputum per day Hemoglobin was 50 per cent, red blood count was 2,700,000, white 
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blood count was 18,000, and serum protein 62 Gm per 100 cc From August 2 to 
August 15 she received 120,000 units of penicillin daily Her temperature immediately 
dropped to normal and her appetite and sense of well-being became greatly improved 
The volume of sputum decreased abruptly and by August 15 was less than i cc per day 
Though no transfusions were given to her during this period, her hemoglobin rose to 
79 per cent and the red blood count to 4,000,000 Unfortunately, she then developed 
a rather severe urticarial reaction to penicillin which necessitated termination of the 
treatment Two weeks later Doctor Eliason was able to proceed with the first stage 
of a left lower lobectomy During this interval there was no return of active lung 
infection Her postoperative course, including the second stage, October ii, 1943, was 
uneventful, and attended bv minimal febrile reaction to the surgical procedures 

This case is piobably unusual in the degree of response to preoperative 
penicillin treatment However, it illustiates how the drug may, 111 selected 
cases, not only control active parenchymal infection but also permit rapid 
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regeneration of blood and protein, and thereby improve the condition of the 
patient for a major operation 


LOCALIZED INFECTIONS IN BONE 

A Acute Bone Leswns In cases of acute hematogenous osteomyelitis of 
long bones with or without bacteriemia, penicillin therapy will usually bring 
about rapid disappearance of evidences of disseminated sepsis, and there 
usually occurs a fairly prompt regression of the signs and symptoms of local 
inflammation at the site of localization The development of roentgenologic 
evidence "of bone destruction (if not apparent at initiation of treatment) will 
frequently be delayed However, in spite of continuation of treatment for 
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Fig 28 — E H Acute hematogenous osteom>elit»s. Staph aureus bactenemia 

penicillin was stopped 

Fig 29 — E H Acute hematogenous osteom>clitis. Staph aureus bactenemia 

da>s after last dose of penicillin 
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Fig 30— E H 


Acute hematogenous osteomyelitis. Staph aureus bactenemia Follow up 
X raj of femur 5 months after treatment 
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three to five weeks our cases have usually developed bone sequestra and have 
required surgical ti eatment to complete their recovery Much more experience 
than IS now available will be required to work out the new indications foi 
surgical treatment of these cases Penicillin treatment can undoubtedly be 
used to extend the applicability of the principle *of withholding surgical inter- 
'Vention until a definite sequestrum has formed Nothing has occurred in 
our experience to justify the hope that sequestra will become sterilized and 
reabsorbed, but simple areas of rarefaction in bone may occasionally become 
recalcified without drainage Limitations in the supply of penicillin have 
prevented our treating these cases for several weeks after subsidence of the 
acute process, and this must be tried before final conclusions are reached 

Case i8 — E H (Figs 27, 28, 29 and 30) Diagnosis Acute hematogenous osteo- 
myelitis, Staphylococcus aureus bactcriemia 

A i2-year-old white male, patient of Doctor B F Buzby, on March 17, 1943, 
entered Cooper Hospital, Camden, N J , desperately ill with acute hematogenous osteo- 
myelitis of the left humerus Blood culture showed innnumerable colonies of hemolytic 
Staphylococcus aureus After three days of ineffective treatment with sulfathiazole 
when all observers had despaired of the boy’s recovery, penicillin was commenced at a 
dose of So, 000 units per day Drainage of an abscess of the arm was performed two 
days later, but the bone was not touched He improved progressively from the time 
the drug was started, blood culture became negative, and within a week his temperature 
became normal The drainage wound failed to heal and si\ months later it was 
necessary for him to return for sequesti ectomy 

This case brings out a fact which has been strongly impressed on us, 
that penicillin will quite regularly control the invasive features of acute 
osteomyelitis but will rarely, if ever, permit peimanent avoidance of surgical 
intervention Frequently this may be postponed, however, until a time of 
election It remains to be determined whether the extent of the eventual 
sequestration could be miiiimized by early decompression of the medullary 
cavity of the bone 

Case 19 — T McE (Fig 31) Diagnosis Acute hematogenous osteomyelitis , 
Staphylococcus aureus bacteriemia 

This seven-year-old boy was first admitted to the Orthopedic Service of the Hos- 
pital of the University of Pennsylvania, August 5, 1943, with swelling and pain in the 
right lower thigh Temperature was 106° F , white blood count was 21,000, and the 
blood culture showed 147 colonies of hemolytic Staphylococcus aureus per cc After 
24 hours of sulfadiazine, when the blood culture was still positive, penicillin by con- 
tinuous intravenous infusion was commenced m doses of 75, 000 units per day Signs 
developed of bronchopneumonia and fluid m the chest, and liver and spleen became quite 
enlarged However, on the seventh day of treatment he was much improved Roentgeno- 
grams were completely negative until August 16 when slight density of the periosteum 
at the midfemur appeared This did not progress By August 24 the leg tenderness 
had disappeared and the temperature remained normal thereafter He was discharged, 
September 12, 1943, showing moderate palpable thickening of the left thigh Pam in 
the left thigh recurred in October, 1943, and he was readmitted, at which time roentgeno- 
grams revealed areas of rarefaction and definite sequestrum formation Low grade fever 
was present, and he was placed in a hip spica Close follow-up during the ensuing 

338 



%olunie 120 
Number 3 


PENICILLIN 


months revealed gradual increase in definition of the sequestrum and persistence of low- 
grade fever Pemcillm, at 100,000 units per day, was resumed on February i6, 1944 
On February 21 the femur was explored, three sequestra were removed from a frankly 
purulent bed, and the bone was saucerized Culture showed heniolyUc Staphylococcus 
aureus Temperature rose only to 100 2° F following operation and was uiormal by 
the third day Penicillin was discontinued on March 13 because of fever and urticaria 
Since operation he has been treated by the Orr technic, and wound healing is progres- 
sively satisfactory 

B Cluomc Osteomyehtis The procedure described by Lyons^ for treat- 
ment of chronic bone suppuration in war wounds may be applied with con- 
siderable success to the treatment of chronic osteomyelitis of primarily 
hematogenous type The administration of penicillin to patients with chron- 
ically draining sinuses harboring staphylococci or streptococci will usually 
bring about marked reduction in numbers or even disappearance of these 
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organisms in the exudate, but, direct culture of curettings from these sinuses 
may reveal persistent organisms not apparent on an ordinary swab culture If 
no sequestrum is apparent roentgenologically the sinus may even become 
completely healed during the course of two or three weeks treatment How- 
ever, a fairly high incidence of late recurrences should be anticipated in cases 
where surgical removal of infected tissue is not carried out m conjunction 
with the course of penicillin 

In patients with surgically accessible lesions it is now our practice to 
administer penicillin for about a week, or until a definite bacteriologic response 
occurs If repeated cultures show the exudate to be free of staphylococci we 
proceed with an operation which involves excision of the sinus tract and 
removal of all chronically infected granulation tissue and bone, guttering the 
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bone when necessary to gain access to involved areas A small (No lo) soft 
rubber catheter is laid in the wound and partial closure of the skin and 
subcutaneous tissue is effected aiound the catheter A few cubic centimeters 
of pemcilhn-sahne solution (250 units per cc ) aie then instilled through the 
cathetei eveiy four hours for four to five days, while continuing the systemic 
administration of the drug in doses of 80,000 to 120,000 units per day for at 
least an additional ten days The local penicillin may not be necessary but 
IS employed as an extia piecaution against allowing staphylococci to multiply 
on the freshly tiaumatized wound surface and in older to assure maximum 
fieedom of contamination of the piimary zone of inflammatory fixation 
When the initial diessing is pei formed on the fourth 01 fifth day the wound 
appeals to be peifectly clean, and healthy pink gianulation tissue had begun 
to form The catheter is then lemoved and packing loosely inserted in order 
to prevent prematuie closuie of the skin over a dead space As soon as the 
dead space has become filled with gianulation tissue the packing is omitted 
and the wound sui faces aie allowed to come together, and may even be 
encouiaged to do so ^\lth flamed adhesive or sutuies By this procedure 
complete healing has been obtained 111 these cases in peiiods as brief as 15 
days The healing pi ocess resembles that which would be expected following 
excision of a simple exostosis In some instances it might be possible to 
perform primaiy closure of the wound at the time of operation, but during 
the present exploratory period of penicillin study we have hesitated to take 
much liberty with the inevitable problem of the dead space occurring after 
lettioval of bone It lemains to be seen whether such a dead space can 
become filled in by oigamzation of a sterile blood clot It should be empha- 
sized that we have employed the above procedure only in those cases in 
which the preliminaiy period of penicillin tieatment has brought about com- 
plete, or virtually complete, disappearance of pathogenic organisms from the 
exudate, and wheie thiough debiidement of the infected aiea has been 
possible Orthodox treatment is lequired in those instances when organisms 
lesistant to penicillin are piesent in substantial numbeis after fourteen days 
of penicillin 

Case 20 — S F Diagnosis Chronic recunent osteomyelitis 

This 22-year-old graduate student had had chronic osteomyelitis of many bones 
over a period of ten years Operative procedures had always been followed by pro- 
longed drainage and healing only after many weeks or months At this admission he 
showed a medullary abscess in the lowei femur at the site of a previous lesion Sulfona- 
mides failed to cause improvement, so penicillin was started on October 18, 1943 On 
October 22, we performed operative drainage and curettement of an abscess in bone, 
connecting with one in the soft part scar Local penicillin treatment for five days was 
combined with continued systemic therapy Marked reduction in number of staphylococci 
was evidenced by appearance of negative plates, though positive broth cultures con- 
tinued On the fifth day after opeiation the wound showed no clinical evidence of 
infection and was, therefore, encouraged to close by application of flamed adhesive 
Plastic closure was later required because of muscle herniation, but primary healing 
took place Six months follow-up shows no recurrence 

Case 21 — D C (Figs 32, 33 and 34 ) Diagnosis Chronic osteomyelitis 
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Fig 32 — D C Chronic osteomj elitis X raj of femur 2j4 

months before penicillin treatment ivas started 



Fig 33 p C Chronic osteomj ehtis»^ X ray 
ot femur 4 dajs after penicillin treatment t\as 
started 


Fig 34 — D C Chronic osteomyelitis X ray 
of femur 2 \\eeks after penicillin treatment uns 
stopped 
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This was a complicated case of chronic osteomyelitis of the right femur of seven 
year5 duration in a colored woman, age 28 Culture from the draining sinus on the 
medial aspect of her right thigh showed Staphvlococcus aureus and diphtheroids She 
was given 50,000 units of penicillin daily from January 20, 1944, to February 3, 1944, 
when operative debridement of two bone abscesses was performed, together with excision 
of chronically infected scar tissue The areas were not saucenzed No loose sequestra 
were found Cultures at the time of operation showed no growth Deep sutures were 
placed, but not tied, and the wound was packed with vaselmed gauze One week later 
the packing was removed, sutures were tied and a circular encasement applied Penicillin 
was continued intramuscularly until February 24 The encasement was removed on this 
day, and by February 29 the wound was completely healed Follow-up to-date shows 
no rccuricncc of infection 

Case 22 — M H Diagnosis Chronic osteomyelitis 

This 40-year-old female had had almost continuous suppurating wounds at the 
sacro-iliac region for seven years and m both ilio-inguinal regions for about one year 
She had had many operations at all three sites, but always the infections had recurred 
and, with the infection becoming entrenched in bone it had become necessaiy to main- 
tain drainage continuously On admission to the Graduate Hospital of the University 
of Pennsylvania, June 7, 1943, the cultures from the sinuses showed hemolytic Staphylo- 
coccus auieus Roentgenograms showed involvement of the fifth lumbar vertebra, sacrum, 
and both ilia Penicillin was given by continuous intravenous drip, starting out at 
100,000 units per day Within ten days of starting treatment the patient began to feel 
better generally, the sacro-iliac wound was healed, and the exudate from the other 

sinuses became thin and serous Cultures showed marked decrease in number of 

bacteria On June 25 Doctor Harry Farrell performed a superficial excision of 
chronically infected scar tissue overlying the lesions in the ilio-inguinal regions and 
removed a small sequestrum from the left anterior superior spine Nothing was done 
to the major bone lesions Penicillin was discontinued on July 3, 1943, when the 
patient was allowed to go home It was expected that she would need to return for 
further surgery, but within three weeks both wounds became completely healed Sub- . 

sequent follow-up has shown no recurrence of infection m any of the areas It is 

surprising that recurrence of infection in the fifth lumbar vertebra has not taken place 

The prognosis of these cases regarding later recurrence must remain 
entirely guarded Several years of continued follow-up will be required in 
order to determine whether the apparently clean healing of these wounds 
signifies a reduced likelihood of recurrent infection in comparison with those 
cases m which the formation of the scar takes place in the face of prolonged 

suppuration We do believe that penicillin provides an entirely new and 

promising approach to the treatment of these troublesome problems In bone 
cases It IS especially important, however, to employ careful bacteriologic 
control at every step of the way 

Discussion The foregoing review of experience with penicillin offers 
ample evidence of the fact that this drug does give promise of meeting the 
previously defined limitations of sulfonamide treatment of surgical infections 
In this communication we have deliberately given emphasis to the favorable 
results that have been obtained with penicillin in selected types of cases, and 
we do not wish to convey the impression that results are likely to be uniformly 
as good as in many of the illustrative cases presented Penicillin does appear 
to have a consistently favorable influence in cases in which the organism is 
susceptible, and in which the anatomic and pathologic characteristics of the 
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lesion are such as to permit the effective transport of the drug to the site 
of the infection, estimation of the possibilities and limitations of penicillin 
therapy in every individual case should be gauged in relation to this principle 
In the more resistant lesions the effectiveness of the treatment can be enhanced 
by increasing dosage and by making full use of surgical procedures to eradi- 
cate resistant foci, in the expectation that the drug will prevent persistence 
of infection in tissues of normal architecture The scope of antibiotic treat- 
ment will be extended if current research with new substances succeeds in 
producing a drug which will be effective against the gram-negative bacilli 
which now constitute the largest group of bacteria against which no highly 
specific agents have been developed Fortunately, however, these gram- 
negative bacilli usually depend upon symbiosis with gram-positive organisms 
in maintaining a parasitic state in the body, and when the pyogenic species 
aie eliminated with penicillin the resistant types prove to possess little 
pathogenicity 


SUMMARY AND CONCLUSIONS 

1 Clinical studies on penicillin in surgical infections have been conducted 
during the past two years under the research program of the Committee on 
Chemotherapeutics and other Agents and the Subcommittee on Surgical 
Infections of the National Research Council Authorization has been 
granted to issue a general statement of tentative conclusions which may be 
drawn from the authors’ series of 440 cases 

2 Penicillin, when administered systemically, modified the course of 
most infections in which the causative organism is sensitive to penicillin in 
vitro The magnitude of the effect in individual cases may be roughly classi- 
fied as follows 

a Dramatic curative responses in disseminated sepsis, particularly 
■where circulation in localized distributing foci is adequate to effect con- 
tact between drug and bacteria In such cases surgical treatment which 
w'ould have seemed unavoidable in the past may, with penicillin, be 
postponed or avoided altogether 

b Favorable responses characterized by subsidence of toxemia, cor- 
rection of anemia, rapid healing of infected or seriously contaminated 
w^ounds, and elimination of infection within pleural cavity or joints 

c Failures — ^particularly where the organism is insensitive, or where 
the lesion under treatment is attributable only in part (or not at all) to 
the persistent activity of penicilIin-sensitive bacteria, and under condi- 
tions where penicillin cannot be brought to the infected area because of 
poor circulation or limited transport of the drug 

3 Local penicillin therapy needs further study, but is yielding encouraging 
results in special cases 

4 Just as wuth the sulfonamides, the use of penicillin requires a thorough 
ledefinition of the indications for, and objectives in, the employment of 
surgery in treatment of localized infections 
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5 Careful bactenologic studies are essential if penicillin is to be used 
with maximal effectiveness 

6 As the supply of penicillin inci eases it will be possible thiough careful 
observation of cases, and the use of controls whenever practical, to reach a 
more accurate definition of the scope and limitations of penicillin than is yet 
possible 


REFERENCES 

1 Morgan, H (Bng Gen , A U S ) In press 
- Meleney, F L J Am Med Assoc, 124, 1021, 1944 

3 Meleney, F L 118, 171, 1943 

4 Lockwood, J S Surg, Gvnec and Obst In press 
® Fleming, A Bnt J E\per Path , 10, 226, 1929 

« Abraham, E P , Cham, E , Fletcher, C M , Gardner, A D , Hcatley, N G , Jennings, 
M A, and Floiey, H W Lancet, 2, 177, 1941 
^ Lyons, C (Maj A U S) J Am Med Assoc, 123, 1007, 1943 
8 Keefer, C S, Blake, F G, Marshall, E IC, Jr, Lockwood, J S, and Wood, W B, 
Jr J Am Med Assoc, 122, 1217, 1943 
8 Dawson, M H, and Hobby, G L J Am Aled Assoc, 124, 611, 1944 
Herrell, W E J Am Med Assoc , 124, 622, 1944 
“ Bloomfield, A L, Rantz, L A, and Kirbj, W M M J Am Med Assoc, 124, 
627, 1944 

Abraham, E P , and Cliain, E Nature, 146, 837, 1940 
18 Rammelkamp, C H, and Keefer, C S J Clin Imest, 22, 425, 1943 
1^ Florey, M E , and Williams, E O Lancet, i, 73, 1944 

18 Clark, A M , Colebrook, L , Gibson, 1 , Thomas, M L , and Foster, A Lancet, 
I, 60s, 1943 

18 Garrod, L P Bnt M Join , 2, 755, 1943 

11 Rammelkamp, C H Proc Soc Exper Biol and Med , 51, 950, 1942 
18 Foster, J W J Biol Chem , 144, 285, 1942 

Discussion — Dr Frank L Meleney, New Yoik Penicillin has been allotted to 
the units studying surgical infections under government OSRD contracts for two pur- 
poses , one, prophylactic — ^the prevention of infection in civilian contaminated wounds 
and burns, similar to the study of the sulfonamides which has been going on during the 
past two years , and the other, the active treatment of established surgical infections 

It will take some time to gather and analyze the data on prophylaxis with penicillin 
It has only been available for the last six months for the study of compound fractures of 
the long bones of the lower extremity in four units, and the numbers are not yet 
sufficient to permit drawing conclusions 

Penicillin has been available somewhat longer in these Units for appraisal m estab- 
lished surgical infections, and more of these cases have been ayailable Doctor Lock- 
wood’s Unit has had the broadest experience of any of the Units, having treated 440 
established infections with penicillin, and at least half of these cases have been surgical 
nfections This is the largest group of surgical infections in civilians that have been 
reviewed We had, of course. Doctor Lyon’s fine paper reporting the results of his 
treatment of returned soldiers, mostly with infected compound fractures, all of whom, 

I would like to point out to Doctor Key, had had sulfonamides 

Let me reiterate the fact that the appraisal of drugs is more difficult in surgical 
infections than in medical infections, because surgical infections are characterized by a 
local breakdown of tissue or a confined localized exudate which must be evacuated 
either spontaneously or by a surgical procedure, or must be absoibed by the body 
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These necrotic exudative foci may prevent the entrance of the therapeutic agent or 
nullify Its action when it gets to the focus Furthermore, the rapidity of recovery from 
such infection depends greatly upon the time relationships between the onset of the 
infection, the administration of the drug, and the surgical procedure 

The problem of the appraisal of drugs m surgical infections is, therefore, much more 
complicated than in medical infections 

Drug tlierapy may be said to be effective m surgical infections, either (i) if it 
obviates the surgical procedure entirely, (2) if it permits a more limited type of 
surgical procedure than would otherwise be necessary, (3) if it permits primary closure 
immediately after removal of the dead tissue or exudate, (4) if it permits earlier 
secondary closure than usual , and (s) if it shortens the time of the control of the infection 
The first and third of these five criteria are fairly clear-cut, namely, obviating surgery 
and permitting immediate primary closure The other three are comparative, and drug- 
treated cases must be compared with adequate controls 

Surgical infections also permit the local as well as the general administration of 
drugs, and this offers three methods to be appraised — local, general and both combined — 
with the necessity of considering the local and general toxic effects as well as the 
therapeutic effects of the drug 

As Doctor Lockw'ood has pointed out, both the sulfonamides and penicillin have 
brought out the importance of determining the exact bacterial etiology of the infection 
under consideration Neither of them should be used indiscriminately Penicillin has 
the very great advantage over the sulfonamides in that (i) its toxic limit (and I do not 
know whether that has ever been determined for man) is far above its therapeutic level , 
(2) it is not inhibited by blood or pus or necrotic tissue, and (3) when used locally it 
minimizes and does not increase exudate 

Penicillin has the disadvantage, how'ever, of being inactivated or inhibited by many 
of the gram-negative bacilli, and of not working well when there are mixtures of organisms 
In fact, Its outstanding performance in surgical infections has been in those cases m 
which the causative organism has been the hemolytic Staphylococcus aniens, where the 
sulfonamides have fallen down so badly 

The unit at the Presbyterian Hospital has been able to study about 150 established 
surgical infections treated wnth penicillin, and about one-third of these were treated 
locally only ' 

In this respect our experience has differed considerably from Doctor Lockwood’s, 
and in this field I think there is a possibility of wide usefulness of this drug with a 
minimum expenditure of material Results have been obtained by local use alone, which 
I believe fulfill some of the criteria of effectiveness mentioned above 

I would like to show three slides to illustrate the value of local penicillin and two 
others to illustrate other points 

Chart I IS a case of a very large abscess of the axilla due to an hemolytic strepto- 
coccus On the second day it was aspirated without much change, although 400 cc of 
pus was removed On the 4th day a small incision was made at the bottom of the abscess, 
allowing the exudate to come out, and, through a tube, penicillin was introduced every 
three hours m 5,000 unit quantity The immediate response w^as remarkable 

This IS the combination of a minor surgical procedure with the local use of penicillin , 
40,000 units were used each day, and it was stopped after six days I believe, now, 
that we might have used very much less penicillin locally than we did, and could have 
given it less frequently 

Chart II IS a case referied by Dr William White, of our Association — that of a girl 
who had had two large abscesses of the face which had been operated upon, leaving scars 
She had a third large abscess of the cheek which bulged into the mouth, and when he 
sent her to me he said “If possible make your incision within the mouth rather than 
on the outside, to avoid another visible scar” 

345 



LOCKWOOD, WHITE AND MURPHY 


Annal« of Surgeiy 
Soptembor, 1044 


There was a tiny opening, however, on the outside through which, with a blunt 
needle, penicillin could be introduced This was instilled daily, with from 2,500 to 3,500 
units a day There was prompt subsidence of the inflammation, and no incision was 
necessary at all 
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Chart III IS a case who had an acute abscess in the external condyle of the femur 
with an acute suppurative arthritis of the knee When this patient was admitted, the 
knee was aspirated, and S,ooo units of penicillin were introduced I planned the next 
day to open the knee joint as w'ell as drain the abscess in the bone, but the knee showed 
no reaccumulation of fluid, so the bone cavity was unroofed and a China silk tampon was 
placed within the cavity, with 5,000 units of penicillin on gauze packing within the silk 



Thart IV 

tampon The packing was replaced daily, and the response was gratifying When the 
silk tampon was removed on the ninth day, the bone cavity was lined with granulations 
He was out of the hospital on the 26th day The wound was all healed m less than 
six weeks, and he had perfect function of his knee joint, which received only one 
instillation of penicillin, and was not opened 

Chart IV illustrates a late primary closuie The patient was a young merchant- 
marine cadet, with an acute suppurative arthritis of the first interphalangeal joint of the 
left index finger The infection, with both hcmolyttc Staphylococcus aueuis and 
hemolyhc Streptococcus, had dissolved the extension tendon and the joint surfaces 
Amputation was performed through the joint, with a long anterior flap, which was left 
open He received both local and general penicillin The exudate ceased, the streptococci 
aisappeared from the wound, and the staphylococci was greatly diminished m numbers 
The wound was closed on the third day, and healed without any evidence of infection, 
penicillin being continued locally by instilling between the stitches once daily for three 
days and general penicillin being continued for five days more 

Chart V illustrates two cases of gas gangrene The curve on the left shows a case 
of acute gaseous gangrene of the abdominal wall which followed drainage of the common 
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duct after removal of a common duct stone The wound was opened up and the necrotic 
muscle removed and local zinc peroxide was applied — 50,000 units of penicillin were 
given intravenously every three hours Antigas gangrene serum in large doses was 
given The temperature fell next morning, but slie developed jaundice and suddenly died 
On the right of the chart is shown the temperature curve of the patient with a 
Ctosi) tdtuin soideltt infection It is very rare of course The jelly-like edema spread 
rapidly, in spite of wide incisions, and 50,000 units of penicillin every tliree hours In 
this case there was no evidence of any effect, the temperature rising steadily until death 
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Penicillin has not satisfactorily met the problem of gas gangrene, and this may be 
due not only to the greater resistance of the causative organisms but to the fact that 
gas gangrene is a polymicrobic disease with gram-negative organisms frequently present, 
which frequently inhibit the action of penicillin This is also true of other war wounds, 
and time alone will tell whether it is going to be effective in cutting down the incidence 
of local infection m damaged tissues 

One report, received very recently, indicates that it has not done so thus far The 
immediate need is apparent for intensive work to be done to find something that will 
knockout these penicillin inhibitors — the gram-negative bacilli Whether that will be 
in the field of chemotherapy or antibiotics, time alone will tell 
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WITH SPECIAL REFERENCE TO CALORIC AND PROTEIN NEEDS* 

Robert Elmajt, M D 
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FROM THE DEPARTMENT OF SURGERY, WASHINGTON UNIVERSITY SCHOOL OF MEDICINE, 

AND BARNES HOSPITAL, ST LOUIS MO 

In his classic Lusk defines starvation as the “deprivation of 

an organism of any or all of the elements necessary to its nutrition ” These 
nutritional elements, six in number, i e , water, salt, protein, fat, carbo- 
hydrate and vitamins, must each be considered in discussing starvation not 
only to achieve completeness, but because they are biochemically interde- 
pendent For example, certain of the vitamins are now known to be necessary 
for the metabolism of carbohydrate Carbohydrate, moreover, seems to be 
necessary for the proper utilization of protein Of most significance is the 
fact that water and electrolyte balance is greatly disturbed by protein 
deficiencies due, in part at least, to a lowering in the concentration of 
plasma protein 

In actual surgical practice measures nearly always are taken to prevent 
water and electrolyte starvation, this is not particularly difficult, even when 
patients are unable to take anything by mouth, by the simple injection of 
physiologic saline solution In addition, most patients receive a certain amount 
of carbohydrate sufficient at least to pi event ketosis, though usually insufficient 
to meet all of the caloric needs Vitamins, neglected for a great many years, 
now are given adequately even if the patient is unable to take any by mouth 
The remaining elements are fat and protein For the present discussion, 
fat and carbohydrate will be considered under the one heading of caloric 
or energy requirements This, strictly, is not justified over long periods, 
inasmuch as fat contains food essentials entirely apart from its calorogenic 
function However, during short periods these considerations may be 
overlooked and caloric requirements, therefore, will be considered as one 
food essential regardless of whether it originates from fat or carbohydrate 
Thus, acute starvation in most surgical patients probably is confined to 
protein and caloric (energy) needs, and most of the present discussion will 
be devoted to them 

Deprivation of protein and caloric needs wliolly or partially, although 
fiequent, is, in general, viewed with complacency or considered inevitable 
Ihe supposition that tissue and other stores will supply safely the needs 
of the body has lulled us into a false security , as a result many surgeons are 
not aware of the deleterious results produced by such starvation, even though 
manifestations may be subclinical Wastage of body tissue, particularly 
tissue and plasma protein, is not without untoward effects which begin 

* Aided by a grant from the Commonwealth Fund 

Read before the American Surgical Association, May 3-4, 1944) Chicago, 111 
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almost at once after protein is removed from the diet Thus, it becomes 
important to study the causes and the effects as well as the means for the 
prevention and cure of starvation Such study will undoubtedly lead to a 
more rapid and uncomplicated convalescence and raise surgical therapy 
t ) a higher plane of efficiency 

CAUSES OF STABVATION AFTER INJURY OR OPERATION 

Only patients well-nourished at the time of injuiy or operation will be 
considered herein For the sake of brevity, cases Avill be eliminated in 
which starvation is due to economic oi other causes or to diseases themselves 
responsible for malnutrition 

When a healthy, well-nourished individual sustains a serious injury or 
undergoes a severe opeiation. starvation nearly always ensues While the 
causes of such starvation are those which lead to deprivation of one or 
more of the nutritional elements, there is another factor which increases 
the need for one of them As a result of injury, as shown so well by 
Cuthbertson,® there follows an unusually large breakdown of protein tissue, 
usually called “toxic destruction of protein,” which leads to protein depletion 
even with the intake of a normal well-balanced diet Although it is probable 
that an unusually large protein intake may prevent such loss of pi otem tissue, 
further study of the nature of this phenomenon is needed Similar in its 
effect IS the abnormal loss of protein in discharges or exudates of one type 
or another, as in peritonitis, empyema, burns, damaged tissue, or from 
large open wounds 

Even though the food requirements are normal and the patient is able 
to eat, the dietary intake after injury or operation is nearly always inadequate, 
due to several causes Starvation is often imposed by the surgeon in charge 
because he fears that the ingestion of food will prove deleterious Sometimes 
the patient himself is apprehensive Often only fruit juices and broth are 
permitted, such an intake leads to electrolyte or protein starvation or both 
Excluding cases in which it is necessary to keep the gastro-intestinal tract 
at rest as in general peritonitis, or in which vomiting is present, such fear 
IS usually without foundation On the other hand, when the patient cannot 
eat or is vomiting, protein starvation will ensue because the usual parenteral 
injections contain only electrolyte and glucose 

Starvation in other patients, while not imposed, is due to paitlal or 
complete loss of appetite, which is a frequent manifestation after injury or 
operation, aggravated often by oversedation, particularly the frequent use 
ot morphine Thus, there follows a failure in the normal impulses which 
ordinarily insure an adequate intake of food, and the patient, left to his own 
lesources, does not eat, even when perfectly adequate trays of food are 
served Ordinarily, anorexia ends quickly and spontaneously and the patient 
soon begins to eat of his own accord, however, in many cases, anorexia 
persists and becomes a manifestation of star\'^ation itself Thus a vicious 
cj^cle is established by which the very effect of starvation becomes a 
further cause 
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THE EFFECTS OF ACUTE STARVATION AFTER INJURY OR OPERATION 
The following manifestations are arranged in six arbitrary groups and 
are probably incomplete As will be noted, most of the effects are due largely 
to protein starvation 

I Loss of weight is of frequent, peihaps univeisal occurrence after 
severe injury oi operation, even though its degree is perhaps not fully 
leahzed, and, indeed, may be partly masked in the most severe cases by 
letention of water In a brief survey of our cases treated by the orthodox 
oietary regimen, loss of weight was univeisal and occasionally surpnsinglj^ 
great, for example, one patient suffered a decline of 25 pounds after a 
relatively uncomplicated cholecystectomy Of paiticular interest in war 
surgery aie the findings of Lyons,^*’ who, in a series of compound frac- 
tures in American battle casualties, observed a loss of weight of from 5 
to 30 kilograms (ii to 66 pounds) 

Loss of body weight may not be a quantitative measure of the degree 
of starvation because changes in watei content, which occupies 70 pei cent 
of the body weight, aie frequent and marked, and introduce a complicating 
factor For example, nutiitional edema may add many kilograms to body 
weight and even mask completely the wastage of body tissues On the 
other hand, loss of weight in a patient uith nutritional edema means absorp- 
tion and excretion of the excess watei, which is the first indication of 
impi oveinent m the protein deficiency Even m the absence of edema, in- 
creases in the extracellular fluid volume may add significantly to the body 
weight, as shown by Lyons, and this also masks the actual degree of 
tissue loss Moreover, water retention and excretion may also be influenced 
by a change from a high fat to a high carbohydrate diet or vice veisa, respec- 
tively, as shown many years ago by Benedict and Carpenter ^ 

If water balance is maintained or its influence taken into account, loss 
of body weight means loss of body tissue, but its physiologic significance 
depends upon which of the two body tissue depots is depleted, le , hether 
the loss affects the fatty or the protein tissue Physiologic impairment follows 
depletion of tissue, including plasma protein, whereas adipose tissue can be 
used without such impairment, indeed, in the obese, loss of fat probably 
increases physiologic performance The clinical significance of loss of body 
weight depends, therefore, upon the degree of protein depletion involved 
Loss of protein tissue can be measured clinically by the amount of 
nitrogen excreted, inasmuch as all protein tissue, when broken down, results 
”1 the terminal excietion of nitrogen largely as urea and ammonia Actual 
studies have indeed shown that after injury or operation as much as 20 
to 40 Gm of nitrogen may be excreted per day This (x 625) means 125 
to 250 Gm of protein or in terms of protein tissue, which is 80 per cent 
water, o 6 to 13 kilograms (15 to 3 pounds) From this calculation it 
IS easy to see how surgical patients are able to show such huge losses in body 
w eight within a short period of time By contrast, loss of fatty tissue to 
supply calories is much less Even if all of, say, 2000 calories were supplied 
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by fat, this would represent but 200 Gm , or in terms of the tissue itself, 
which IS but 20 per cent water, 240 gm or one-half pound a day 

2 Mdd Chnical Mamjestahons — Surgeons are accustomed to attribute 
most of the postoperative weakness or asthenia to the operative procedure 
vithout realizing that much of it may actually be due to starvation, par- 
ticularly deprivation of protein According to Youmans^^ protein deficiency 
produces symptoms of fatigability and muscular weakness, which he states 
can scarcely be considered specific in the presence of deficiencies of other 
elements m the diet However, m an interesting investigation by Mueller, Fickas 
and Cox,^'^ normal humans ingested a diet complete m all elements except 
piotein and found that after 48 hours severe symptoms of lassitude and 
asthenia developed which were corrected rapidly by the ingestion of protein 
food Thorne, Qumby and Clinton^^ showed a similar influence of protein 
in an even shorter period of time by feeding a trained subject isocaloric 
breakfasts containing an abundance of fat, carbohydrate or protein Only 
the meal with a high protein content failed to produce hypoglycemia and 
sjmptoms of hunger and lassitude after several hours The present writer 
has often observed that postoperative weakness was improved by the intra- 
venous injection of hydrolyzed protein The most complete and con- 
vincing evidence, however, of the influence of food on postoperative asthenia 
is that described by Mulholland, Co Tui, et al who showed how jejunal 
alimentation, beginning immediately after operation, alleviated most of 
these symptoms and accelerated convalescence in a series of gastric resections 
Many factors are undoubtedly responsible for postoperative weakness and 
asthenia, but the evidence mentioned certainly suggests that starvation, 
particularly of protein, is of great significance 

3 Serious Clinical Mamjestahons — Nutritional edema is probably one 
jt the most important of the serious chnical manifestations of starvation and 
may involve the gastro-intestmal mucosa, producing severe symptoms, in- 
cluding those of intestinal obstruction Nutritional edema is probably also 
responsible for such phenomena as delay m wound healing, anuria and even 
circulatory impairment ® All of these complications have been observed 
after severe injury and operation, though often attributed to other causes 
Although physical factors play a role, hypoproteinemia long has been recog- 
nized as the most significant cause of nutritional edema A complete analysis 
of the important effects of starvation has been described at some length m the 
monograph of Jackson 

4 Loweied Resistance to Injection — The influence of starvation, par- 
ticularly of protein, on the immunologic response of the body, has been 
studied by Cannon, Chase and Wissler^ They have shown that the pro- 
duction of antibody is but one-third to one-fifth as great in protein-deficient 
animals with hypoproteinemia as compared with those on a regular diet 
It IS probable from these important and convincing observations that many 
postoperative infections may be due in part to a lowering of the immunologic 
lesponse of the body, which is secondary to protein starvation 
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Chart i — Hypoprotcinemia rnnsked b> hjperglobulinemia in a ssjearold male 
following appcndicectomy for acute appendicitis Note the normal total protein, the fall 
in- the level of plasma albumin was masked by a corresponding increase in the globulin 
fraction which was due to a moderate wound infection There was a loss of eight 
pounds in body weight Note the return of the albumin fraction to normal on resumption 
jf a normal diet 



Chart 2 — Hypoprotcinemia masked by dehydration in a 60 year old male with 
pyloric obstruction due to carcinoma Note the normal plasma protein on immission, 
although patient had lost 25 pounds in body weight , correction of dehydration by paren 
teral saline was accompanied by the appearance of hypoprotcinemia which was uninllu 
enced by a 500 cc plasma transfusion 
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5 Hypoproteinemia — A fall m the lev’-el of serum protein after operation 
or injury may be the fiist evidence of protein depletion, just as a fall m the 
vitamin C content of the blood precedes clinical signs of scurvy Published 
data on the extent of hypoproteinemia after operation vary considerably, 
although Casten and Bodenheimei^ have reported a postoperative fall in the 
total plasma protein concentration of o 5 Gm per cent or more m 20 to 100 
per cent of their cases Hypoproteinemia frequently escapes detection because 
its existence is masked b)'- two factors discussed in a pievious paper One 
of the factors is based upon the fact that the albumin fraction is the one 
significantly involved in malnutrition, 3^et many patients with hypo-albu- 
minemia will show a normal value for total proteins because of an increase 
in the globulin fraction which often is due to infection The other factor 
IS dehydration, which is responsible for a normal concentration of both 
fractions, though the total amount of circulating protein is depleted An 
example of each is presented heiewith in Charts i and 2, respectively 
That a fall m circulating plasma protein occuis very promptly on 
withdrawal of protein from the diet has been demonstrated experimentally 
Whatever stores of protein exist for the replacement of serum protein lost 
by hemorrhage, burns, efc , they certainly do not seem to function when the 
protein is lost because of starvation Thus, Weech^^ has shown very clearly, 
and his observations have been confirmed in our laboratory, that the fall 
in plasma albumin begins with the very onset of a protein deficient diet In 
the human. Cutting and Cutter’^ have confirmed these findings in a study 
of 26 normal individuals subjected to a 48-hour period of partial starvation 
Even in this short period there was a fall of 10 per cent in the total amount 
of circulating plasma protein Significantly, they showed that in spite of this 
loss the concentration of plasma protein was unchanged or even increased 
because of dehydration 

6 Death — That a fatal outcome after injury or operation may be due 
to starvation certainly would be surprising in this land of plenty Yet this 
has been an inescapable conclusion in several instances, although the recorded 
cause of death was, of course, the disease itself, or one of its complications 
In such cases, extreme emaciation is the prominent finding at postmortem, 
with the surgical lesions corrected or of themselves insufficient to account 
for death Inasmuch as death is an inevitable result of starvation in normal 
individuals, it is not surprising that those suffering from some injury or disease 
also may die because of an inadequate intake of food 

TREATMENT OF STARVATION 

In most cases the treatment of starvation is astonishingly simple and 
consists merety of methods aimed at overcoming the patient’s loss of appetite 
To do so, however, the surgeon in charge must view anorexia as a thera- 
peutic challenge, not as a necessary sjmptom An adequate food intake is 
often possible even in the presence of severe anorexia if palatability is 
increased and nursing care provided Idiosyncrasies nia}’- have to be given 
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consideration Sedation, including morphine, should be used judiciously 
and bodily movement encouraged as much as possible Moreover, the diet 
must be complete and in particular contain adequate protein It is hard to 
understand the vogue of fruit juice, which contains merely carbohydrate and 
vitamin C, is entirely deficient in salt and protein,^ and, thus, will lead 
inevitably to electrolyte and protein starvation when taken as the sole article 
of the diet Ordinary broth, likewise, is an inadequate fluid, although a good 
source of salt, inasmuch as it contains in most cases a very tiny amount of 
protein , w^e have analyzed several broths and found less than one gram of 
protein in a cup of it Milk is an excellent food and extremely valuable as 
a drink, although its water content is unnecessarily high A much more 
concentrated and convenient high protein, high carbohydrate drink can be 
made up ver}' readily by stirring lOO grams of skimmed milk powder into 
200 cc of w'ater This furnishes 34 grams of protein and 52 grams of carbo- 
nvdrate, which exceeds that in a quart of milk, m one-fifth its volume 
T.hree glasses of this liquid will meet the daily protein needs of a normal- 
sized adult Solid food, as eggs and meat, should be added as soon as 
possible Most postoperative patients can eat food much eailier than they aie 
usually permitted to In other w'ords, eating should be encouraged rather 
than discouraged , often a simple statement by the surgeon wull go a long 
way in overcoming anorexia and thus preventing starvation 

In spite of all that can be done wuth encouragement, special food and 
fluid, and nursing care, it is often difficult or impossible to get a patient, 
after operation or injury, to take a full, w'ell balanced diet Tube feeding 
may be employed, but has many obvious disadvantages The actual amount 
of food necessary to furnish, say, 2000 calories, is fairly large and presents 
practical difficulties because of its bulk This is especially true when feeding 
must be parenteral , for example, it would be necessary to inject each day 
eight liters of 5 per cent glucose to produce 1600 calories, the barely minimum 
requirement for an average-sized adult The problem can be made easier 
by sacrificing some and perhaps even a considerable part of the caloric require- 
ments This IS possible without producing serious physiologic impairment 
because caloric deprivation involves merely the loss of tissue fat, which may 
be considered as a nonesseiitial tissue and thus is a true (dispensable) 
store of body food 

Calouc Vejsus Protein Reqmiement — From the theoretic point of view, 
body fat should be able to supply a great deal of the energy requirements in 
the absence of caloric intake in food Lusk^^ stated that under conditions 
of complete starvation about 87 pei cent of the total energy actually is 
derived from tissue fat This is an important consideration, inasmuch as 80 
per cent of an ordinary well balanced diet consists of food furnishing calories, 
whereas but 20 per cent is protein By dispensing with even part of the large 
proportion of the diet devoted to calories, the practical problem of postoperative 
nutrition becomes greatly simplified How much of it can actually be sacri- 
ficed? A small amount of carbohydrate undoubtedly is necessary to prevent 
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ketosis Moreover, Thomas^^ has shown that nitrogen balance cannot be 
achieved with protein alone Brunschwig, Clarke and Corbin^ could not 
achieve nitrogen balance with intravenous injections of hydrolyzed protein 
alone What, actually, is the minimum amount of carbohydrate which is 
necessary m order to prevent ketosis and to insure adequate utilization of 
the ingested nitrogenous food^ If this were known, starvation could be 
prevented with a relatively restricted diet without producing physiologic 
impairment The minimum requirements then would consist merely of 
sufficient food to maintain water, electrolyte, nitrogen and vitamin balance 
Caloric balance could thus be waived at the expense of tissue fat 

Evidence that nitrogen can be stored when the daily caloric requirement 
IS reduced by 33 per cent v as described by Rubner The present author 
for several years has injected a mixture of equal parts of glucose and hydro- 
lyzed protein into patients intravenously and frequently observed positive 
nitrogen balance, even though the caloric intake was far from adequate 
to meet the daily needs Further observations are in process to determine 
just how much of the caloric intake may be safely left to body fat In the 
accompanying table the results of one preliminary experiment are described 
Two dogs were given a diet consisting of different proportions of carbo- 

Table I 

NITROGEN (N ) BALANCE WITH TWO DIFFERENT PROPORTIONS OF PROTEIN AND CARBOHYDRATE 
Note the larger and tncreastng retention of nitrogen -with the high protein diet ( 2 ) as compared 
with the more normal proportion in diet i 

Dog 1 — Diet 1 Dog 2 — Diet 2 

20% Protein, 80% Carbohydrate 80% Protein 20% Carbohydrate 


Periods 

N Intake 

N Output 

N Balance 

N Intake 

N Output 

N Balance 

1 (3 days) 

32 

26 

+ 06 

1 28 

1 03 

+ 25 

II (4 days) 

32 

24 

+ 08 

1 28 

93 

+ 35 

III (4 days) 

32 

29 

+ 03 

1 28 

70 

+ 58 

Average 

32 

26 

+ 06 

1 28 

89 

+ 39 


All figures are in grams per kilogram per day The total caloric intake m each experiment was 40 per kilogram 
per day , this was probably inadequate because each dog was malnourished, having been on a deficient intake for 
the two weeks previously The protein employed was dried scales of egg albumin (Merck) the carbohydrate 
Karo syrup The nitrogen output included urine only, stools were scanty and when analyzed amounted to but 
5% of the urinary nitrogen 


h}drate and protein, the total being the same in each case, but insufficient 
to meet full caloric requirements In one, the proportions were the same 
as m a normally balanced diet, 8o per cent carbohydrate, 20 per cent protein 
Nitrogen balance was achieved m three successive periods, but was not very 
pronounced In the other, the proportions were reversed so that the diet 
consisted of 80 per cent protein and 20 per cent carbohydrate, nitrogen 
balance w'as also achieved, but the degree increased with each succeeding 
period so that during the last period over ten times as much nitrogen was 
retained as compared with the last period in the first animal The average 
nitrogen retained on the high protein, low carbohydrate diet was six times 
that of the nitrogen retained on the 80 per cent carbohydrate, 20 per cent 
protein diet, thus, indicating the superiority of an intake consisting largely 

357 



ROBERT ELMAN Annals #f tSuTe$T7 

September 1944 

of protein, even though the amount of carbohydiate vas low Obviously, 
such a diet will tend to minimize greatly the tendency toward loss of protein 
tissue, and adds evidence to the justification for giving priority to protein 
ever caibohydrate when a restricted diet becomes advisable or necessary 
Othei expel iments, however, are m pi ogress 

Pievenhon Vosns Cwe — The effects of staivation, particularly when 
they are of long duration, are ahvaj's difficult to overcome when they concein 
replacement of lost protein tissue On the othei hand, prevention of protein 
starvation is relativelj’’ simple Thus, it should be emphasized as a principle 
of treatment that methods be established immediately after injuiy or operation 
to insure an adequate food intake so as to prevent the difficulties which arise 
when a severelj^ malnourished patient must be treated Prevention is not 
only important for this reason, but also because it will combat anorexia, 
which often peisists because of staivation itself Adequate nutrition from 
the very beginning, thus, breaks into the vicious circle mentioned above 
This means that the surgical patient receives in his oral or parenteral diet 
at least 50, and preferably 100, grams of protein a day from the first day 
after operation or injuiy This we have done and have observed definite 
alleviation of the above mentioned manifestations due to starvation More- 
ovei, appetite has returned much earlier, permitting a normal dietary regimen 
sooner than was previously the case 

COMMENT 

Acute starvation after injuiy or operation, w’hile prevalent, should not 
be viewed wuth complacency in view of the evidence herein assembled that 
definite physiologic impairment follows such starvation even of short 
duration In most cases this deprivation is confined to caloric or protein 
needs While most patients eventually get w^ell in spite of starvation, it is 
probable that convalescence can be greatly shortened and complications 
minimized by avoiding such deficiencies Food is so necessary for life in 
health that its importance in the injuied would seem to be obvious, yet 
such a fundamental truth often escapes the surgeon in his care of patients 
after operation or injury 

Although the prevention of starvation can be achieved by insuring an 
adequate diet either by mouth or parenterally, evidence is presented to 
indicate that a large part of the caloric needs may safely be sacrificed foi 
short periods without physiologic impairment provided an adequate protein 
intake is assured While furtliei observations are required to establish the 
soundness of this view, its practical impoitance is sufficient to w^arrant 
farther studies Since the caloric component of the diet is by far the largest, 
the possibility of waiving even a considerable part of it becomes an important 
consideration, particularly during periods when intravenous feeding is neces- 
sary Such a priority of protein over caloric needs may also be important 
in war time, when healthy soldiers are deprived of their sources of supply 
and must subsist for many days on rations containing as little bulk as possible 
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Under such conditions it may be more important to insure nitrogen balance 
v'lth a high piotein diet than to provide fat and carbohydrate for all of the 
caloric needs Should loss of body weight occur as a result of starvation, 
clearly it is much more important that nonessential tissue fat rather than 
essential tissue and plasma protein be depleted 

smcviARY 

1 Acute starvation after injury or operation is usually confined to caloric 
and protein needs, though due to deprivation of these nutritional elements, 
excessive destruction and loss of protein is an important added factor 

2 Deprivation of protein is serious because it leads to early loss of tissue 
and plasma protein, deprivation of calories is less serious because it leads 
primarily to loss of nonessential fatty tissue 

3 The effects of starvation after operation or injury are due largely 
to protein deprivation and include a variety of mild and serious clinical 
manifestations Hypoproteinemia is frequent after operation or injury but 
IS often masked by dehydration or hyperglobuhnemia 

4 Starvation maj’’ be avoided to a considerable extent by recognizing 
anorexia as a therapeutic challenge rather than an inevitable symptom 

5 Evidence is presented indicating much of the caloric need may safely 
be sacrificed provided adequate protein is furnished In patients unable 
to take a full diet by mouth or receiving parenteral alimentation, such a 
restriction may prove of much practical value 

6 Because prevention of starvation is much easier than its cure, adequate 
nutrition should begin immediately after injury or operation 
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Discussion — Dr Charles C Lund, Boston Doctor Elman has given us a good 
summary of the importance of protein in surgical patients We are hearing more and 
more about this from various sources Dr Arthur Wright’s group, and, of course, before 
that Doctor Ravdm, and many others, have studied it 

It came to my attention most strongly through our work on burns I just want to 
call attention to two quantitative facts that may not be too generally appreciated as yet 

One IS that, m general, with the slow development of a slight, long-time protein 
deficit, the plasma protein usually remains pretty nearly normal until there is a great 
decrease in the body stores, so at times one will find a patient with only a slight lowering 
111 the plasma protein value, who will in fact be greatly depleted 

The other point I want to make is that you have to give protein nourishment either 
by mouth or, if intravenously, by protein digest, because it is impractical to give enough 
protein in the form of plasma or albumin to make up these deficits You may have 
noticed in one of Doctor Elman’s charts that 500 cc of plasma were given, and had no 
effect at all on the plasma protein value 

The unit of plasma contains about 18 Gm of protein, and the patient, to stay in 
balance without any great burden of illness, has got to have 75 Gm of protein a day If 
there is a particular loss or burden, he may need 200 or 300 Gm a day to make it up, 
and that may have to be done over a long, long time It just is not possible to get 
enough human plasma or human albumin to do anything more than tide over the greatest 
emergency for a very short time 

I want to emphasize, also. Doctor Elman’s statement about the rapidity with which 
p«-otein stores can be depleted under certain conditions, and the great difficulty of getting 
them back after they are depleted Some of you will remember that last year I pre- 
sented a case of burns that lost 50 pounds of weight in a period of about eight weeks 
The vicious cycle was broken, but after 14 months he had gained back only two-thirds 
of that loss in weight, and I think we were fortunate that he recovered that much, com- 
pared to the known difficulties that exist in repairing such terrific depletions 

Dr Evarts a Graham, St Louis, Mo I think Doctor Elman has made a very 
important contribution in calling attention to this important fact about starvation 
which may occur right under our eyes 

I have been acquainted, of course, with Doctor Elman’s work, which led up to this, 
and also the present work which he has reported here today When he discussed this 
matter with me a good while ago, I mentioned the fact to him that this is one of those 
strange phenomena which take place, namely, that it was well known, and has been well 
known for a long time, that starvation does take place in surgical patients, but that it 
was something like the weather, and nobody seemed to do very much about it, and I 
thought It would be an admirable thing for him to do something about 

In the work of the Empyema Commission in World War I, Doctor Bell made a 
particular study of the nitrogen loss in patients with empyema, and his study is included 
m the report of the Empyema Commission He called attention, at that time, to the 
great difficulty there was in keeping patients with empyema in nitrogen balance, and 
emphasized very strongly the importance of feeding these patients generously in order 
to keep up nitrogen equilibrium and to prevent them from losing weight, and thereby 
delaying their convalescence 

At that time, which was in 1918, 26 years ago, there were no satisfactory methods 
for studying plasma protein The work had to be done almost entirely by studies of 
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nitrogen excretion m the urine But that observation was very definite It was clearly 
established , it was much commented on at the time , it was made much use of, and, as a 
matter of fact, I have tried ever since that time to emphasize to our own house staff 
the great importance and necessity of overfeeding patients with empyema m order to 
keep them from losing weight, with particular reference to the protein 

Unfortunately, unless one gives personal supervision to it, it is one of those things 
that IS not done as it should be done, because its importance is not recognized It is 
necessarj’^, therefore, for somebody like Doctor Elman to come along, using more modern 
methods, to reemphasize the importance of watching the patient’s food requirements, 
particularly his protein requirements 

We realize now, more than we did 26 years ago, that protein requirements are 
especialli' important, and, therefore, I am very glad to have Doctor Elman, shall I say, 
bring up this subject again with new methods, m order to emphasize the whole problem 
and the importance of it once more 

Dr Paul R Cannon, Chicago Doctor Elman, in my opinion, is approaching the 
problem in the right way in stressing the basic significance of “starvation” in surgical 
prognosis Surgeons, indeed, have an opportunity to study the surgical effects of starva- 
tion and to learn important facts about protein metabolism that may be applied to the 
t.eatment of starvation in general, for, after all, considering the fact that millions in 
India, China, and the occupied countries, are suffering from varying degrees of food 
scarcity it is probable that starvation is now one of the world’s most important diseases 

In the field of medicine we must take our material where w'e find it, therefore, when 
surgeons are confronted wnth the facts of starvation it is their duty to study the disease 
Itself 

Doctor Elman called attention to the difficulties of evaluating the significance of 
plasma protein concentrations because of the fact that with a declining albumin concen- 
tration and a rising globulin concentration the total protein concentration may remain 
in the normal range We must recognize the fact, of course, that a blood protein deter- 
mination reveals only the concentration of protein in the blood at one particular instant, 
and that it does not necessarily afford evidence of the state of the protein reserves In 
thinking about the relationship between the plasma proteins and reserve proteins, a 
rough comparison may be made betw^een the relationship of the level of water in a well 
shaft and the ground water reserve When the well driller sinks a shaft into two types 
of soil, one wnth rich water reserves and the other w'lth low reserves, he determines the 
state of these reserves by emptying the shaft and seeing how' rapidly water comes back 
to a certain level Similarly, in patients presumably who have lost considerable amounts 
of blood protein from protein reserves already depleted, the reestablishment of plasma 
protein concentrations W'lll be slow Therefore, w^hen there is a history of malnutrition 
and loss of weight before operation one may assume depletion of the protein reserves 
regardless of the fact that because of the decrease of blood volume a total protein con- 
centration from one determination may not actually reveal the state of the protein reserves 
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SYMPOSIUM ON BURNS 

THE HEALING OP DEEP THERMAL BURNS’' 

A PRELIMINARY REPORT 

Gervase J Connor, M D , and Samuel C Harvey, M D. 

New Havex, Coxx 

FROM THE DEPARTMENT OF SURGERY, ^ALE UNIVERSITY SCHOOL OE MEDICINE, NEW HAVEN CONN 

In the treatment of the local area in deep thermal burns the ultimate ob- 
jective should be the grafting of skin at the earliest moment compatible with suc- 
cess and with a minimum mortality rate The chief cause of delay m the healing 
of these wounds is, in effect, the continued presence of the slough Such 
dead tissue is essentially powerless to combat infection, with it successful 
skin grafting is impossible and contracture continues It is regarded as of 
signal importance, theiefore, to effect the removal of the slough at the 
earliest moment The advantage of this removal is fully realized, however, 
only when the resultant base of the wound is acceptable for immediate grafting 
with skin, and when there is no significant damage to living tissue 

Enzymatic digestion of the slough in wounds has recently received atten- 
tion Glasser (1940) reported success in this connection using a proteolytic 
compound containing papain He cited the favorable results obtained m 
chronic otitis media by Tremble, using urea and caroid in a saturated aqueous 
solution More recently. Cooper, Hodge and Beard (1943) reported on the 
use of an enzymatic digest for the removal of dead tissue Howes (1943) 
noted that various enzymatic compounds were effective in removing the slough 
in wounds m from 24 to 48 hours Several of these damaged living tissue 
Howes also noted that the dead tissue was removed with more difficulty if 
the enzymatic compounds weie first applied after several days 

It IS well known that infection often hastens to a certain degree, but at 
a high price, the separation of the original slough in deep thermal burns 
There is the general impression that the hydrogen ion concentration of the 
wound fluid is increased in many infected wounds, and this has been con- 
firmed in our experiments The results of preliminary experiments with 
the local application of various organic and inorganic acids revealed that the 
separation of the slough could be gieatly hastened if the pn of the surface of 
the wound was sufficiently lowered A large series of acids have been studied 
in this connection, and it is now apparent that under proper conditions not 
only does the slough separat e more rapidly than in the control wound, but 

*The work described m this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Yale University 

Read before the American Surgical Association, May 3-4. I944, Chicago, 111 
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the living tissue is not significantly damaged and the resultant base of the 
wound is such as to permit successful and immediate grafting with skin 

Pyruvic acid presents outstanding advantages within the objectives of 
this method of treatment With it the necessary balance between pn and 
concentration of the acid can be obtained m order to accomplish the desired 
results 

It IS the purpose of this report to describe some of the pertinent experi- 
mental data concerning the use of this method in the treatment of deep 
thermal burns 

METHOD 

Dogs were used, and anesthesia vas obtained with intravenously admin- 
istered nembutal The hair over the trunk was clipped closely or shaved 
Aseptic precautions were not used, and there was no further preparation 
of the skin 

Deep burns were produced b)-^ the direct application of a low blue gas 
flame to the skin for 20 seconds over the dorsolateral aspect of the trunk This 
standard burn was from three to four centimeters in diameter, and uniformly 
involved the full-thickness of the skin 

In the contiol series the wounds were studied either concurrently with 
experimental wounds in the same animal, or in separate animals In the 
first instance, the control and the experimental wounds were made on similar 
areas on opposite sides of the trunk, so that each animal served as its own 
control In the' latter instance, the control wounds were placed on separate 
animals, to preclude any possibility of their contamination with the solutions 
used on the experimental wounds 

The control wounds were dressed within a few hours after burning with 
either dr}’^ gauze, vasehned gauze or a paste consisting of 8 per cent corn- 
starch in distilled water The dressings were changed every one to four 
days, and similar dressings reapplied 

The expel nnental wounds were dressed within a few hours after burning 
with a thick layer of paste consisting of a solution of pyruvic acid at a pn of 
I 9 and of 8 per cent cornstarch * This was prepared by mixing a hot solution 
of pyruvic acid in distilled water at a /"h of i 9 with the necessary amount 
of cornstarch suspended in a similar but cool solution This paste was applied 
thickly on the surface of the wound and the adjacent skin and was held in 
place vith gauze This inner dressing was then covered with a layer of 
vasehned gauze The dressings were changed daily or every two days 

In both the control wounds and the experimental wounds the dressings 
vere securely held in place with an adhesive elastic bandage enclosing the 
trunk 

*It should be emphasized that the starch paste used m these studies was selected 
m order to avoid a complicated base during this phase of the work From the standpoint 
of preliminary experimentation this is satisfactory, but it is not a desirable vehicle 
from the practical viewpoint An oil-in-water emulsion is a satisfactory base in 
this connection 
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All animals m which the dressings loosened, with exposure of the wounds, 
were deleted from this study, whether or not there was any evidence of 
additional trauma to the wounds The dressings were earned out usually 
under light anesthesia with intravenous nembutal so as to eliminate the 
possibility of trauma to the wounds from the struggling of the animal during 
the dressing 

The skin grafts were taken from the thigh or trunk of the same animals, 
and were cut with the Padgett-Hood dermatome set at ^%ooo of an inch 
The grafts were sutured in place with fine silk or were merely “snubbed” 
on with pressure The grafted wound was covered with a layei of tulle gras, 
and a bulky pressure dressing applied 

RESULTS 

Conti ol Giotip — (20 wounds) Whether the control w^ound is on a sym- 
metrical area on the side of the trunk opposite an experimental wound or 
on a separate animal, the complete separation of the slough requires from 
10 to 12 days Tlie slough softens on its surface and breaks up into many 
pieces iVhich are firmly adherent During the week before complete separa- 
tion the w'ound is covered wuth a necrotic, stringy adherent layer (Figs 
I and 2) 

Healing takes place by contracture and by the marginal ingrowth of 
epithelium, without the appearance of islands of epithelium wuthin the wound 
Such a standard burn may, therefore, be classified as a deep one 

Expeninental Gioup — (20 wounds) In the experimental senes the 
slough separates completely within 72 hours (Figs 3 and 4) 

The manner of separation of the slough under these circumstances is of 
particular significance Separation appears to begin at the periphery w^here, 
in 24 to 36 hours, there is slight softening A plane of cleavage develops 
beneath the otherwise intact slough, and separation proceeds centralwards 
After 48 hours the cleavage has developed to the point where the slough, 
aside from soft dermal tags at the periphery, is either completely free 


Fig I — Control Wound Standard deep thermal burn on the dorsolateral aspect of the trunb of 
the dog, five days after burning Original burn similar to that shown in Figure 3, and produced by 
the same method Treated with pressure dressing of dry gauze Note adherent slough 

Fig 2 — Control Wound Same wound as shown in Figure i, ten days after burning Slough 
separating piecemeal, but still adherent in many areas Dressings had been ehanged on the second, 
fifth, eighth and tenth days after burning 

Fio 3 — Experimental Wound Standard deep thermal burn on the dorsolateral aspect of the 
trunk of the dog, 30 minutes after burning 3 8 x 3 i cm Bum produced by direct application of a low 
blue gas flame for 20 seconds 


Fig 4 —Experimental Wound Same wound as in Figure 3. 72 hours after burning Trwted with 
a daily application of a thick layer of pyruvic acid paste at a pii of i g, beginning one hour after 

Slough separated completely Note the clean, healthy base of the wound 

Central part of the wound grafted on this day with a split graft cut at 16/1000 of an inch, to 
include an adequate dermal pad Wound covered with a tulle gras and pressure dressing 

Fig e —Experimental Wound Same wound as in Figures 3 and 4, five days after burning, two 
days after grafting of central area Living graft and healthy granulation tissue 

Fig 6 —Experimental Wound Same wound as in Figures 3-S, 16 days after burning, j 3 dajs 
after grafting Note the living graft and epithelial proliferation at the margin of the graft and of the 
wound Still no evidence of skin islands in the ungrafted area 
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Tig 7 — Ilxperimcntnl Wound Deep thcriml burn in the dog, simiHr to tint shown in rtgure "t, 
66 hours nfter burning Treitcd dTiIi with t thick Iijcr of pjruiic TCid piste it i />ii of i 9 Shown 
to illustritc the niinncr of sepirition of the slough, which is conipletelj free bencith and is ittiehcd 
onlj ?jj soft periplieril ilermil tigs The intict ccntril slough is rtibhcn, without ciideiice of diges 
tion on the surface 


Tig 8 — W P, N II 11 , Unit B,)705 Deep fire burn in 1 four >cir old bo> it time of admission 
to the hospitil, one week iftcr burning Wound hid been treated it home with \arious ointments ind 
signs of locil infection hid de\ eloped CviUurc of necrotic tissue revelled hem Strep, hem Stiph 
lureus, grim ncgitn e bicilli iiid enterococci 

Treated with 1 generous ipplicition of pjruvic icid paste it 1 y>ii of i 9, with the dressing sealed 
with visclined giurc i irst dressing on the third di> iftcr admission at which time 40 per cent of 
the slough had separated Similar dressing reapplied on the third and fifth davs after admission 


Pig 9 — Same burn as show 11 in I igurc 8, sii dajs after admission Slough completely separated, 
clean granulating base with unusual vascularity No evidence of damage to adjacent unburned skin 
The wound was obviously ready for grafting but was treated for in additional four days with the 
same paste, without evidence of injury to the exposed base Split grafts applied after this additional 
treatment, on the tenth day after admission 


Fig 10 — Same wound as shown in Figures 8 and 9, ten days after grafting The margins of the 
wound were not trimmed at the time of grafting 


lie II — Same wound as shown in Figures 8-io, five weeks after admission, with protective 
dressings no longer necessary Patient ambulant 

Fig 12 — Opposite side of the same leg, with a burn similar to that shown in Figures 8-11, 
treated m a similar manner 

Final result five weeks after admission 
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otheivvise, or loosely attached beneath its centei (Fig 7) In another 12 to 
24 hours separation is complete, with the slough lying free in one piece 

It IS clearly apparent, and is of special importance, that there is no 
evidence of digestion of the slough itself It is similarly clear that the dermal 
strands at the periphery of the slough are last to separate, although they are 
markedly softened for many hours befoi e separation is complete The 
skin adjacent to the burn appeals undamaged 

The lesultant base is, giossly, pink subcutaneous tissue Within 72 
houis after burning, this base is unusually vasculai and, histologically, 
exhibits evidence of early granulation tissue The edges of the wound are 
sharp and clean, and are often tangential, as would be consistent with the 
more superficial damage at the very margins 

The full advantage of the rapid removal of the slough by this method 
IS demonstrated when the wound is immediately grafted with skin The pink, 
clean base evident after separation of the slough accepts a split-graft of skin 
immediately (Figs 5 and 6) This regularly takes, and all or pait of the 
wound may be successfully treated in this manner 

The pioblem of infection is thus resolved, and the full objective of treat- 
ment achieved even before the slough in the comparable control wound has 
completely separated 

The utility of this method of treatment of burns would be seriously 
1 educed if with its use residual epideimal elements were necessarily 
destroyed Such is not the case, however, for in those burns in which the 
damage extends only into the derma, but with pieservation of the deeper 
epidermal elements, separation of the slough proceeds m such a manner as 
to permit epithehzation from the intact islands of skin Under these 
circumstances the cleavage plane develops within the derma, and the slough 
separates more slowly, often requiring an additional 48 hours over that 
necessary when the cleavage is beneath the derma 

Discussion — Rapid removal of the slough can be achieved by the use 
of any of a large number of acids of various types incoiporated in vehicles, 
the one necessary characteristic of which is a dominant water phase It is 
important to recognize that this process is not a digestion of the slough, 
as IS the case with the various enzymes previously employed Instead of 
being broken up into fragments and dissolved, the slough separates as one 
or more large pieces By this method the establishment of a plane of cleavage 
between dead and living tissue is accelerated, starting at the periphery, 
where the delimitation between the two occurs on the surface, and proceeding 
into the deeper tissues along the same boundary until the separation is 
complete and the slough so removed This is apparently a speeding-up of the 
normal reaction to injury and, more specifically, that to dead tissue by means 
of which this IS sequestrated and dislodged The mechanism by which these 
acids bring about this acceleration requires further study 

To remove the slough in this manner, without damage to living tissue, 
requires not only the selection of the proper acid, but also careful and 
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accurate adjustment of the and concentration of the acid chosen When 
this IS done, as shown by these experiments, not only can the dead tissue 
concerned m complete destruction of the skin be lapidly removed, but this 
can be accomplished without significant injury to the adjacent and viable 
epithelial cells Moi cover, when the separation of the slough is completed 
the base is living tissue, with an excellent blood supply, which will success- 
fully and immediately take a skin graft, or if this is not done, healing of 
the wound by contiacture and epithehzation proceeds normally, as in a 
“cut-out” wound 

It IS apparent that if these results can be obtained m the clinic, healing 
of the more seveie burns may be markedly expedited by early grafting, 
and infection, scar tissue formation with contracture, and the general effects 
of a persisting open wound can be largely obviated 

The use of this method on man is being studied, but has not as yet been 
adequately tested, nor has a standardized procedure in all details been adopted 
Until these have been done, its application for the purposes of treatment 
should be delayed 


SUM1LA.RY 

In the experimental laboratory it has been found that the normal 
development of a plane of cleavage between living and dead tissues can be 
markedly accelerated by the use of acids With certain of the organic acids, 
in the propel concentration, and with a carefully and suitably adjusted pn. 
this can be accomplished without significant injury to viable tissues 

This makes it possible in the experimental animal to remove the slough 
lesulting from a severe burn in 4S-72 hours, and to employ immediate skin 
grafting for the closure of the wound 

The application of this method to man should wait upon further study 
and the development of proper methods of application 
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Acknowledgment is due to Dr C N H Long of the Department of Physiological 
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Fluid therapy is now recognized to be fundamental in the immediate 
tieatment of burned oi scalded man However, relatively little quanti- 

tative data are available concerning the individual physiologic effectiveness 
and the interrelationship of diverse repair salt solutions, cell-free blood com- 
ponents, and whole blood derivatives in the treatment of controlled thermal 
trauma The purposes of these experiments are as follows i To correlate 
body loads of various salt solutions and plasma with length of life and changes 
in other easily measurable physiologic constants that follow a scald, 2 to 
attempt a comparative evaluation of the relative roles played by salt solu- 
tions, cell-free blood components, and whole blood in permitting immediate 
recovery from injury (74 to 100 hours following the trauma) , 3 to cor- 
relate the gross and histologic, pathologic findings with the forms of therapy , 
and 4, to determine, if possible, whether or not any causal relationship exists 
between the type of therapy and the so-called “toxemic” stage of thermal 
injury. 

METHODS 

Seemingly healthy, adult mongrel dogs of both sexes were anesthetized 
solely with sodium evipal ( i methyl, 5 A ' cyclohexenyl 5 methyl barbiturate) 
Fifty milligrams of a 5 per cent aqueous solution per kilogram body weight 
were injected intravenously as the initial dose, subsequently, a very light 
anesthesia was maintained for 14 to 20 hours by the administration of appro- 
priate doses Precautions were taken to provide a free air-way Direct, 
mean, lateral arterial blood pressures were obtained in two-thirds of the 
experiments by femoral arterial puncture The animals were scalded by 
immersion of two-thirds of the body m water at 85° C for 30 seconds The 
dogs were not clipped, since clipping was found to dimmish the inj'ury 
Samples of venous blood were taken from the femoral, antecubital or jugular 

*A preliminary report concerned mainly with purposes I and 2 (see page i of 
the text) 

Aided by a grant from the Horace H Rackham Fund 

Read before the American Surgical Association, May 3-4 , I944j Chicago, III 

367 



MOYER, COLLER, lOB, VAUGHAN AND MARTY Annals of smgm 

September 1944 

veins t Heparin was used as the anticoagulant The hematocrits were 
determined immediatel) by the capillary tube method The specific gravities 
of whole blood and plasma were determined by the “falling-drop” method ^ 
The plasma protein values, with the exception of the saline series, were 
corrected for hemoglobin , and micro-Kjeldahl checks” of the values of pro- 
tein calculated from the specific gravities of the plasma were run Hemoglobin 
was determined by the Evelyn method," using the 20-cmm pipette of the 
fallmg-diop method Urine was collected by a cystotomy tube or by a small 
uiethral cathetei inseited through an external urethrotomy in male animals, 
and by an indw’ellmg flanged retention catheter in females 

RESULTS 

Chart I and Table I show the mean survival time of the control group 
and of those animals loaded before the scald with physiologically equivalent 
amounts of (i) isotonic sodium chloride"^ (NaCl, 154 mM ) , (2) Ringer’s- 

Chart I 

LENGTH-Or- LI FE- 1 N - HOURS- AFTER - SCALD 

■6 .8 ,10 .12 .14 , 


L. 






1 


— 









COMPARISON- OF-SURVIVAL- TIME- WITH- EaUIVALENT- LOADS -OF 
VARIOUS - SALT- SOLUTIONS -AND- PLASMA 

lactate (Ringer’s, 137 mM base -f- Na lactate, 27 niM ) , (3) saline-bicar- 
bonate (NaCl, i29mM -f NaHCOs, 2SmM ) , and (4) citrated plasma t 
The diflference in survival time after the scald between the controls and 
the animals loaded with the ph ysiologically acid, “isotonic” sodium chloride 

t Simultaneously obtained samples from the jugular and femoral veins before and 
after the scald showed no significant difference 

*50% of the volume of distribution of sodium thiocyanate (10% body weight) 

1 50% of the volume of distribution of the dye T-1824 (2 5% body weight) Because 
of the severe citrate reactions which could be controlled only with injections of CaCk 
solution 1 V , serum was used m all subsequent experiments 
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IS insignificant (critical ratio = 09)$ However, the animals loaded with 
Ringer’s-lactate lived significantly longer than the controls and the saline 
group (critical ratio = 5 2), and those loaded with saline-bicarbonate lived 
longer than did all the other groups NaCl-NaHCOg vs controls (C R = 


Table I 

SURVIVAL TIME OF CONTROLS AND DOGS LOADED BEFORE SCALD 

Mean Survival 



No 


Time 

Standard 

Standard 



of y— 



Error 

Deviation 

Critical 

Treatment 

Dogs 

Hours 

Minutes 

Minutes 

Minutes 

Ratio* 

Controls 

7 

5 

21 

±31 

81 


0 9% NaCl, 10% body weight* 

5 

6 

SO 

±94 

210 

0 9 

NaCl — Na lact , 10% body weight* 

7 

9 

37 

±38 

92 

5 2 

Citrated plasma 2 5% body weightf 

4 

9 

5 

±32 

64 

5 1 

NaCl — NaHCO , 10% body weight* 

4 

14 

12 

±44 

88 

9 9 


* 50% volume of distribution of sodium thiocyanate 
t 50% volume of distribution of the dye T — 1824 

± A critical ratio of 3 3 or more indicates a true difference in 999 cases in 1000 


Animal 

No 

39 

40 

41 

43 

42 

44 

45 

46 
48 

64 

65 

66 
60 
61 

62 

63 

56 

57 

58 

59 


Table II 

Immediate Treatment During First 24 Hours, 
Per Cent, Body Weight 




NaCl 

Route 

HoO 

Blood 

Serum 

NaHCO 

Fluid 

Ad Lib 

0 

0 

25 

l V 

0 

0 

0 

30 

1 V 

0 

0 

0 

30 

l V 

0 

0 

0 

12 

1 V 

0 

0 

S 0 

28 

1 V. 

0 

0 

3 5 

28 

1 V 

0 

0 

3 8 

23 

1 V 

0 

0 

4 5 

15 

1 V 

0 

0 

1 6 

5 

1 V 

0 

0 

5 0 

6 

oral 

0 

0 

5 0 

3 

oral 

0 

0 

6 0 

5 

oral 

0 

3 6 

0 

0 

— 

5 5 

3 4 

0 

0 

— 

10 0 

3 5 

0 

0 


5 0 

3 5 

0 

0 

— 

0 

2 5 

0 

8 

oral 

0 

2 2 

0 

15 

oral 

0 

2 7 

0 

11 

oral 

0 

5 1 

0 

13 

oral 

0 


Survival 


Time 


Hours 

Cause of Death 

24 

Shock pulmonary congestion 

25 

Shock 

25 

Shock 

3 

Acute cardiac failure 

52 

Pulmonary congestion 

23 

Pulmonary edema and congestion 

31 

Pulmonary edema and congestion 

29 

Acute pulmonary edema 

28 

Shock 

10 

Pulmonary edema 

20 

Pulmonary edema 

70 

Pulmonary edema and pneumonia 

SO 

Brain and pulmonary edema 

92 

Brain edema pulmonary con- 


gestion 

34 

Brain edema 

19 

Shock, pulmonary congestion 

35 

Distemper 

76 

Sacrificed negative autopsy 

100 

Sacrificed negative autopsy 

100 

Sacrificed regatne autopsy 


9 9) j saline (CR =43), vs Ringer’s-lactate (CR =65), and vs 
citrated plasma (C R =56) 

Following the “load” series of experiments, a comparative study of 
therapy was undertaken Chart II shows the effects of various forms of 
therapy upon the survival time The relation of the various forms of therapy 
to survival and the causes of death based upon the gross pathologic findings 
are shown in Table II 


t Critical ratios of 3 3, or more, are significant 
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Discussion — In order to apply the pnnciples of bio-assay to the study 
of the relative effectiveness of various salt and blood elements in treating 
small series of scalded animals, it is theoretically necessary that the extent 
and the depth of the injuiy should be of such a degree that death will occur 
in all the animals of all series, excepting one Upon that basis, an injury 


Chart II 



that killed within three hours would be more desirable than one that killed 
within SIX hours However, although a scald produced by the immersion 
of two-thirds of the body surface in water at 85° C for three minutes kills 
within three hours, it produces a picture which is unlike the majority of 
thermal injuries seen in man (Chart III) Compare the hematocrit change A 
(85° C for 30") with B (85° C for 3') Therefore, the scald produced by 
water at 85° for 30 seconds, although it killed in a little over five hours, was 
chosen as the means of producing a relatively constant thermal trauma against 
which the various solutions were assayed 

The series of experiments m which the test solutions were injected before 
the scald m equivalent physiologic amounts show that a positive load of the 
physiologically acid solution of isotonic sodium chloride has practically no 
propensity for prolonging life after a severe scald A load of Ringer’s solu- 
tion to which sodium lactate has been added to make a fluid osmotically 
equivalent to the isotonic salt solution significantly increased the length of 
life Was It the addition of the cations Mg and K or the addition of the 
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anion HCOa" that effected the change^ The increased survival time in the 
next series of expeiiments (preburn loading with sodium chloride-sodium 
bicarbonate) shows that if the cations exert any effect it is small when com- 
pared to the anion HCOs- effect (the HCOg" equivalency of the NaCl- 
NaHCOs solution is physiologically double that of the Rmger’s-lactate 
solution) 

Chart III 



Loading with plasma was suiprismgly ineffective From one-fifth to one- 
half of the protein that was injected disappeared fiom the blood stream 
within the hour and an half which was allowed to elapse between the com- 
pletion of the injection and the scald 

No experiments were conducted using M/6 sodium lactate as the pre- 
bum load because of its adveise effects upon the acid-base equilibrium and 
its obviously extensive constitutional difference from interstitial fluid The 
administration of this solution m large amounts would make the transfusion 
of citrated plasma oi blood extremely hazardous and, if renal function was 
depressed, would effect alteiations in the relationship between interstitial 
and cell fluid that must be consideied as physiologically undesirable 

The significant superiority of saline-bicarbonate as a repair solution in 
tbeimal injuiy is somewhat surprising in view of prevalent opinion,^ and 
other experimental work^® However, it is in agieement with general 


* Unpublished data 
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physiologic knowledge that the more nearly a solution approximates the 
composition and reaction of the normal body fluids, the more satisfactory 
it IS for studying living tissues tn vtbo 

The results of the second series of experiments show that saline-bicar- 
bonate, when administeied intravenously after the scald to 30 per cent of 
body weight, prolonged life but did not prevent an hypotensive death The 
injections of these large amounts of sahne-bicarbonate were attended by 

Chart IV 


THEORETICAL- RELATIONSHIP-OF -VARIOUS -TYPES-OF 
THERAPEUTIC- AGENTS-TO-SEVERITY-OF-THERMAL- INJURY 



BLOOD-VOLUME 
RE PLACEMENT- NEC 
TO- RECOVERY 


BLOOD-VOLUME 
RE PLACEMENT- POSS 
WITHOUT-INDUCING 
FATAL- COMPLICATIONS 


RECOVERY- POSSIBLE 
FROM -SCALD 
A WITH XYZ 
B • YZ 
C ■■ Z 


profound, persistent, and disproportionally great depressions of the plasma 
proteins and the rapid development of massive subcutaneous edema in the 
scalded area Saline-bicarbonate does not differ from isotonic, intravenous 
saline in this respect ® 

The intravenous injection of both saline-bicarbonate and serum either 
killed (by inducing acute pulmonary edema and pulmonary congestion), or 
the amounts given were inadequate In other words, any amount of both 
fluids that was less than that which produced pulmonary or cardiac compli- 
cations would not prevent death from “shock ” As a result of observations 
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made during the salme-bicarbonate and the salme-bicarbonate-serum series, 
it was decided that the onl}'- “safe” way to give salt solution during the acute 
stages of thermal injury w'as z/ia a route whereby the rate of entrance of the 
solution into the blood stream cvas controlled by the animal, namely, by 
stomach, by rectum or subcutaneously The salme-bicarbonate solution in 
all the later experiments was given by stomach catheter (Table II) Absorp- 
tion of saline-bicaibonate to the extent of lo to 13 5 per cent of body weight 
usually took place wnthiii 12 hours 

The three animals that w^ere tieated with serum by vein (5 per cent of 
body weight within 13 hours) and sodium chloride-bicarbonate solution by 
stomach tube died of pulmonary edema, two wuthin 24 hours and one within 
70 hours The latter show^ed clinical signs of pulmonary edema throughout 
her life, and at death the edema had progressed to an extensive hepatization 
of four-fifths of both lungs 

Defibnnated whole blood without salme-bicarbonate effected temporary 
lecovery, but all the animals m the series died within 70 hours of the scald 
This agrees wuth the obseivations of Williams, Eghart and Trusler 
Tw'enty-four hours after the scald three animals out of four had fully recov- 
ered from the anesthesia They w^ere walking easily about their cages with- 
out signs of pain, and they drank large amounts of water when it was given 
to them Shortly after drinking the water (2 to 20 minutes) they began to 
vomit and to have a bloody diarrhea Thereafter, they continued to drink, 
to vomit and to defecate until too weak to drink Fibrillary twitching of all 
muscle groups appeared when they were unable to get up, and they died 
suddenly, howdmg and m convulsions After death their brains bulged over 
the edges of the skulls after removal of a bone flap, and fluid dripped from the 
cut surface of the cerebrum The general appearance and behavior of these 
animals could be called “toxemic ” These observations lead us to believe that 
m the absence of infection, the “toxemic” stage of burns may be largely the 
result of cellular “overhydration” associated with hypotonicity of extra- 
cellular fluid m the uninjured portions of the body Indirect support for this 
concept is provided by the lack of these signs within a period of 100 hours 
(longest time elapsed before sacrifice) m animals treated with blood and 
oral isotonic salme-bicarbonate during the first 24 hours and hypotonic 
salme-bicarbonate, in as large amounts as the animals would drink, during 
the second 24 hours (Table II) 

The only form of therapy that is capable of carrying these scalded ani- 
mals (two-thirds body surface, 85° C for 30") through the “shock” period 
unthoxit inducing physiologic changes that may in themselves result in death 
m less than 100 hours (four days) is a combination of defibi muted zvhole 
blood intravenously and sodium chloride-sodium bicarbonate by mouth 
(Table II) 

We have no assurance that citrated or heparinized blood wnll be as effec- 
tive as defibnnated blood The work of Ivy,^ and Graham,^ suggests that 
citrated blood may be found to be inferior and may even be detrimental 
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Heparinized blood, should it act similarly to heparinized plasma, will increase 
the escape of red cells into the area of injury * 

It has been interesting to find that an hematocrit of 75 to 80 per cent 
that was maintained for 8 to 10 hours, m scalded animals, given massive 
tiansfusions of defibnnated blood, is compatible with life, provided that 
sodium chloride-bicarbonate is also given by stomach Hence, even the hemo- 
concentration of seveie theimal injury does not contraindicate the transfusion 
of whole blood, if the geneial physiologic state of the animal requires it No 
gross cardiac or circulatory abnormalities were associated with the high 
hematocrit, and no significant, gross pulmonary, hepatic, renal, cerebral, 
splenic, or mesenteric infarcts weie seen at autopsy following sacrifice of 
the animals These observations substantiate Dai row’s® comments regarding 
the transfusion of whole blood in the tieatment of the shock of burns, and 
agree with those made by the British Army Medical Coips during the Libyan 
Campaign (Col F G Gillespie, personal communication ) 

The amount of saline-bicaibonate, in conjunction with defibnnated blood, 
that IS needed to balance the negative load of mteistitial fluid imposed upon 
the uninjured portions of the body by the injury cannot be clearly defined 
By using multiple indirect methods that will be described in a separate article, 
the negative loads of interstitial fluid imposed by the scald m these series of 
expeiiments was fiom 3 to 7 per cent of body w^eight wuthin 30 minutes after 
the scald and from 10 to 18 per cent of body weight within 24 hours after 
the scald In general, the negative load of inteistitial fluid is directly pro- 
portional to the inevitable, although variable edema 

It must be remembered that the w'ashing-out of piotein from the blood 
into the scalded tissues and the veiy rapidly developing and massive edema 
that attend the intravenous administration of sodium chloride or saline- 
bicarbonate solutions during the first 24 hours after --injury, make the in- 
travenous route unsuitable for the reduction of the acute negative interstitial 
fluid load In fact, it is theoretically possible that any salt solution given 
intravenousl)- immediately following a scald may actually accentuate rather 
than dimmish the physiologically functional negative load of interstitial fluid 
The major clinical generalization regarding the therapy of thermal 
injuries that can be drawn from these experiments has been stated veiy 
cleaily by Allen,^ namely “Evei since the first introduction of the colloid 
concept, physicians and expei iinenters have concentiated on ti eating the 
blood instead of the patient ” 

In general, if these experimental observations aie valid for all mammals, 
the therapy of a thermal injury should be directed tow^ard two primary goals 
First, blood volume must be maintained at a level that will prevent death from 
“shock ” In the case of a relatively minor injury, this can be done with 
interstitial fluid alone,^® serum alone,^® and presumably with whole blood 
alone However, in the case of a severe mjurv such as obtained m our 
experiments, defibnnated blood is the only substance tested that is capable 


* Unpublished data 
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of maintaining a blood volume compatible with life without inducing lethal 
complications Chart IV is a theoretical diagram illustrating the relationship 
of therapeutic measuies to the constitutional severity of the injury Second, 
the negative load of mteistitial fluid induced by the injury must be reduced 
preferably to zeio During the acute stage of the injury, this can be done 
most safely by administering a salt solution which approximates normal 
interstitial fluid by a route othei than the intravenous 

CONCLUSIONS 

I. Salme-bicaibonate solution is more effective than Ringer’s-lactate solu- 
tion, and Ringer’s-lactate solution is more effective than “isotonic” sodium 
chloride solution in prolonging life of anesthetized dogs when lo per cent 
of body weight of these solutions is given intravenously before the animals 
are scalded (two-thirds body surface at 85° C for 30 seconds) The presence 
of the bicarbonate 1011 or the potential bicarbonate ion m the lactate solution 
appears to be responsible for the superiority of the Rmger’s-lactate and the 
salme-bicarbonate solutions 

2 The combination of massive tiansfusions of defibrmated blood and 
sdline-bicarbonate solution by stomach was the only form of therapy employed 
that prevented shock without inducing complications that were incompatible 
with life 

3 The other forms of therapy employed, namely ( i ) Sahne-bicarbonate, 
IV , (2) sahne-bicarbonate iv and serum iv , (3) serum iv and salme- 
bicarbonate by stomach , and (4) defibrmated blood 1 v and water ad 
hbitiim, prolonged life and m a number of instances prevented shock But 
all the animals that did not die of shock during the first 24 hours died later 
of complications that seemed to be related to the therapy rather than to the 
trauma 

4 An hematocrit of 80 to 85 per cent does not prohibit the use of trans- 
fusions of whole blood 

The authors wish to express their indebtedness to Dr Kenneth N Campbell who 
prepared the tables and graphs, and to Mr William Troy whose technical assistance 
has been deeply appreciated 
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A COMPARISON OF VARIOUS TYPES OF LOCAL TREATMENT IN A 
CONTROLLED SERIES OF EXIERIMENTAL BURNS IN HUMAN 

VOLUNTEERS* 

James A Dingwall, III, M D , and William DeW Andrus, M D 

New York, N Y 

FROM THE department OF SURGERY OF THE NEW ^ORK HOSPITAL AND 
CORNELL UNIVERSITY MEDICAL COLLEGE, NEW YORK, N Y 

The intensive siudies which have been carried out in recent years have 
led to a fair degree of standardization of certain aspects of the care of burns, 
notably in the prevention and treatment of shock and also of the severe 
metabolic derangements which may appear later in the course A greater 
degree of confusion exists, however, with regard to the local treatment, for, 
here, certain quite obvious factors have prevented accurate comparisons of 
even the most promising of the very considerable number of methods which 
have been brought out or reemphasized from time to time Thus, it is 
obvious that no tw'o individual burns, nor any tw'O series, unless both include 
large numbers of cases, are exactly comparable due to discrepancies in size 
and severity of the burns and wide variations in age, sex and condition of 
nutrition in the patients Nor do experiments in animals offer a better 
solution of the problem since the local reaction to heat sufficient to cause a 
burn differs somewhat from species to species and in none does the vesicula- 
tion appear which is so prominent a feature of second degree burns in the 
human 

Certain attempts have already been made to obviate this difficulty by 
using various portions of a burned aiea or different regions of the body in a 
single patient for comparing lesults of different types of local treatment 
Such a method is obviously quite crude v\hen one consideis variations in 
depth of the burn as well as the definite, though small, differences in normal 
healing rate in various parts of the body In 1943, Cannon and Cope^ 
suggested the use of Thiersch graft donor sites w'hich could be divided into 
parts for testing two or more agents on the same lesion While their results 
indicate that this is a useful method for comparing substances of different 
modes of action such as a bland ointment and an escharotic, it is subject to 
certain drawbacks Thus, it is difficult to cut a graft of exactly the same 
thickness throughout And, perhaps, more important is the fact that local 
agents applied at one limit of such an area mny exert an influence to some 
degree on the neighboring regions or even on the extremes Finally, although 
histologically akin, a spht-thickness donor area does not simulate a burn 
exactly because of the different mechanics pioducing the tissue damage 

We have, therefore", produced bilateral, symmetrical burns in human 
volunteers for comparative studies of various asrents. using a simple apparatus 

*Read before The American Surgical Association, MaY" 3-4. 1944. Chicago, III 
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consisting of a hollow metal plate of almost exactly ten square centimeters 
area through which live steam is passed When such a device, of constant 
temperature and aiea, is applied to symmetrical points on the anterior aspect 
of the thighs for the same length of time, as determined by an electric timer 
by which tenths of seconds were easily measured, we believe the resulting 
burns should be very nearly alike m every way, including depth As will be 
noted later, also, the burns were very much alike from individual to individual 
but It was early found necessary to vary the time slightly in the case of 
women since the few who were included sustained deeper burns than were 
produced by application of equal duration in males Cornell University 
Medical students made up most of the volunteers, and ranged in age from 
21 to 26 years 

As proved by biopsy, the fluorescein test,^ and the nature of the subsequent 
healing process of uncomplicated lesions, these areas were deep second degree 
burns, epithelization being accomplished from viable epithelium remaining in 
hair follicles, sweat ducts and sebaceous glands Without fail, all lesions 
showed vesiculation in 24 hours (Fig i) It should be mentioned that skin 
areas to be burned were routinely prepared with iodine and alcohol save 
in a few instances where the areas were purposely left in a normal state 
of contamination 

For the first 24 hours following the production of these lesions dry 
sterile gauze was used as a covering, secured by adhesive tape, completely 
closing the areas, and the subjects were ambulatory throughout the subse- 
quent course of therapy The 24-hour delay before definitive therapy was 
chosen in order to simulate accidental burns, since these are frequently seen 
after some time had elapsed 

EXPERIMENTS 

Following removal of the initial dressing, all vesicles were opened using 
sterile technic, and the areas were debrided in the majority of instances 
Routine cultures were taken at this time One burn was then selected at 
random for definitive therapy with one agent, and the contralateral area 
was used as a control, a ditfeient therapeutic preparation' being employed 
A total of 82 burns in 41 subjects were thus available for study 

The effect upon healing of 12 substances of which three were escharotics, 
was compared and the obseivations made on the rate and mode of healing 
and the final result The end-point was arbitrarily chosen as the time at 
which epithelium covered the entire area 

Stdfafihn — In the majority of cases a film* was employed as a control as 
it is the therapy of choice for second degree burns in this clinic and we are 
interested in obtaining objective comparison with_other more common types 
of local burn treatment The film used was essentially of two types which 
we designated as “new” and “old” films Both were made of a methyl cellu- 

**A generous supply of sulfafiJni was furnished by the manufacturers, Wallace and 
Tiernan Products, Inc, Belleville, New Jersey 
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Fig 3 Fig 4 

Fig I — Bilateril, symmetrical blisteis 24 hours following burns Note the sinuHritj between 
the two sides 

Fig 2 — Tannic acid eschar intact, showing swelling, redness and inflammatory reaction sur 
rounding lesion six days after application Patient was complaining bitterly of local pain and had 
inguinal adenopathy 

Fig 3 — Contralateral burn in same patient as shown in Figure 2 Note absence of icaction 

1 iG 4 — Tannic eschar removed on 12th day with no healing evident Granulations arc prominent, 
suggesting conversion to deeper bum Inflammatorv reaction is still present around the lesion 



I'lG 7 Tig 8 

Tig 5 — Bone ointment treited lesion on 6 th dnj Note prominenee of epithelial islands tntn 
surrounding granulations 

Fig 6 — Sulfonamide film treated eontrol in same patient shown in figure S Note eoaleseenee 
of epithelium as eompaied to disereet islands m boric treated lesion 

Fig 7 — Triple dye eschar intact on 7th day with little surrounding reaction Control (sulfonamide 
film) healed 

1 IG 8 — Same patient as in Figure 7 showing coiiiersion to deeper burn after painful remoial 
of triple d>e on the 12th da\ Control (sulfonamide film) healed five dajs before 
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lose, triethanolamine base into which either buffered sulfanilamide lo per 
cent was impregnated or a combination of the former m a concentration lo per 
cent and sulfacetamide 15 per cent, making a total of 3 mg of sulfonamide 
per square centimeter of film In principle, the film was a “preformed, 
bacteriostatic eschar,” liberating sulfonamide locally on exposure to aqueous 
fluid It ^^as transparent, allowing visualization of the underlying surface 
witliout removal, pliable, o 004 inches thick , the film was buffered m order to 
maintain the surrounding media at a />h of approximately 8 5 This agent 
was applied m one or more layers to 42 lesions, the opposite side being 
treated with one of the substances mentioned below The average healing 
time for all uncomplicated second degree lesions treated with film was 9 6 
days, but certain aspects of this figure require explanation which will be 
presented later Not included in the average are four areas similarly treated, 
two of which were on female subjects who sustained considerably deeper 
burns than the males because of the different skin thickness One lesion was 
inoculated with hetnolyhc Staphylococcus aureus (m an overwhelming dose) 
and It became grossly infected within 48 hours, the subject having chills, 
fever and malaise Hot wet dressings were applied and subsequent bland 
ointments The fourth was one of three subjects who had received two con- 
secutive burns on both thighs Following application of the film for the 
second time he developed a severe dermatitis, about which more will be 
said later 

Tanmc Acid — ^Tannic acid was applied to five areas in the form of tannoid 
ointmenf^ which was left on for 48 hours, at which time a characteristic 
firm, leathery eschar was present In two additional instances a solution 
containing five per cent tannic acid and five per cent silver nitrate was used 
This was applied continually until a firm eschar was formed 

Table I 

HEALING TIME mTH TANNIC ACID PREPARATIONS AND CONTROLS 




Control 


Tannoid 

(Sulfafilm) 

No 1 

27 days 

14 days 

No 2 

24 days 

13 days 

No 3 * 

22 days 

13 days 

No 4 

16 days 

11 days 

No S 

14 days 

7 days 


Tannic Aad — 

Control 


Silver Nitrate 

(SulfafUm) 

No la 

24 days 

8 days 

No 2a 

21 days 

11 days 


In Nos I, 2, 3, 5, la and 2a there was characteristic reddening, tender- 
ness, swelling and inguinal adenopathy, with gross infection present under 
the eschar in No i and No 5 The eschar was left intact in most instances 
for about nine days, but in one case it remained for 16 days, at which time 

*The qualitative formula was tragacanth USP grade (extra select) , glycerin USP, 
methiolate solution i 1000, 95 per cent alcohol, distilled water and tannic acid to 5 
per cent of whole 
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the lesion was healed (No 4) In all others granulation tissue was present, 
but the areas subsequently healed by epithehration from scattered foci of 
glands and ducts All subjects complained bitterly of these areas in contrast 
to the controls (Figs 2, 3, and 4) 

Bouc Aad Ointment — In five cases ten per cent boric acid ointment was 
used as definitive therapy, being applied to the debrided burns in mesh gauze 
and covered with more gauze as piessure dressings Healing time of the 
lesions thus treated and those of the controls are shown in Table II 

Tadlf II 

nrAiiNC TiMr \MTn horic ointment and controls 



Boric Acid 

Control 


Ointment 

(Sulfafilm) 

No 1 

26 days 

1 6 days 

No 2 

1 6 days 

14 days 

No 3 

18 daiS 

14 days 

No 4 

21 dajs 

14 days 

No 5 

IS da>s 

11 days 


Subjects on whom boric acid ointment was used reacted favorably they 
had no pain, little reaction, and could not distinguish symptomatically between 
the two sides 

Boitc Acid Ointment — Sidfadiacwe by Mouth — Five areas were also 
treated with boric acid ointment in the same mannei as that described above, 
but during the full course of tieatment the subjects were given sulfadiazine, 
I Gm five times a day by mouth, with adjuvant alkali therapy of 2 5 Gm of 
sodium bicarbonate with each dose '* All had satisfactory sulfa levels through- 
out treatment (from 5 5-80 mg %) and none had toxic reactions to the drug 
save headache in three cases 


Table III 

HEALING TIME \MTH BORIC OINTMENT AND CONTROLS 




Boric Acid Ointment 

Control 



Sulfadiazine by Mouth 

(Sulfafilml 

No 

1 

13 days 

8 days 

No 

2 

12 days 

7 days 

No 

3 

7 days 

7 days 

No 

4 

8 days 

* 7 days 

No 

S 

9 days 

7 days 


In this group, although there vas a similarity in healing time of contra- 
lateral sides, there was a rather noticeable difference in the character of 
epithelial regeneration As has been said, in all burns healing was accom- 
plished by the growth and spread of discrete epithelial islands from hair 
follicles, ducts and glands If the ointment-treated side was compared at a 
near-heahng point with the film-treated control, it was noted that in the 
latter the epithelial “mushrooms” were more flattened, more coalescent, and 
looked more like mature skin than did that of the ointment-treated side 
where the islands of epithelium appeared as discrete, shiny noncontiguous 
rests (Figs 5 and 6) The resultant scar ot the latter also required a longer 
time to assume the characteristics of normal skin 
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The explanation of this difference is somewhat obscure We believe 
that the mechanical feature of the glass-like film in contact with the sprouting 
epithelium under some pressure may exert a flattening influence causing 
more rapid coalescence among the islands, whereas, m the other instance the 
new epithelial buds may protrude between the meshes of the gauze It is 
interesting to note in this connection that the size of the mesh spaces and the 
epithelial islands nearly coincided The influence which sulfadiazine may 
have played in shortening the healing time of bone ointment treated lesions 
will be discussed later 

Triple Dye — In four instances a second type of escharotic, triple dye,"^ was 
used This was applied to the debrided burn areas with cotton swabs until 
a firm light eschar was obtained On the whole, such eschars were tolerated 
better than those obtained with tannic acid, there being very little reaction 
around the lesions, and no subjective symptoms save continued apprehension 
on the part of the subject as to whether “infection was developing,” especially 
after the control areas were healed (Fig 7) The eschars were removed, 
with difficulty, by sharp dissection, and with marked pain in from 19 to 28 
days (Fig 8) In one case the eschar was left to slough itself, which it did 
in 31 days, following three or four days of baths At this time the burn in 
question was go per cent healed, requiring an additional seven days Healing 
time for these experiments with their control m the same individual is shown 
in Table IV 


Table IV 


HEALING TIME WITH TRIPLE DYE AND CONTROL 




Control 


Triple Dye 

(Sulfafilm) 

N'o 1 

29 days 

8 days 

No 2 

31 days 

9 days 

No 3 

45 days 

1 1 days 

No 4 

38 days 

8 days 


At first glance, it will appear that the healing time of the dye treated 
lesions vas longer than that of tannic acid preparations It should be stated, 
however, that because of the reaction, tenderness and general distaste for 
the tannic eschar, they uere removed earlier than those of the better tolerated 
triple dye The lesions in all instances of escharotic treatment which were not 
healed on removal of the eschar were treated with bland ointments or adult 
animal tissue extract^ until finally epithehzed 

Control Film — Since we were desirous of knowing what part, if any, the 
presence of sulfonamides in the plastic film played m the apparent efficacy of 
this type of treatment, five areas were treated vith a control film similar in 
substance to sulfafilm but without sulfonamide present Healing times for 
these lesions are shown in Table V 

* Aniline gentian violet, 2%, brilliant cresyl green, 1%, neutral acnflavine, 
o 1% in 70% alcohol 
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Table V 

HEALING TIME WITH FILM CONTAINING NO SULFONAMIDE 



Film without 

Control 


Sulfonamide 

(Sulfafilm) 

No 1 

IS days 

10 days 

No 2 

IS days 

11 days 

No 3 

10 days 

7 days 

No 4 

11 days 

10 days 

No S 

17 days 

12 days 


Of interest in the above compaiison is the fact that although on original 
culture both the treated and control areas showed no growth of organisms, in 
three of the five areas which were tested with the blank film positive cultures 
subsequently developed, whereas, no positive cultures were obtained from 
the sulfafilm-treated lesions It is possible that this may be responsible for 
the delayed healing tune, for in two instances frank infection occurred under 
the film without sulfonamide 

Vasehiied Gauze — Four areas were treated with vasehned gauze and 
pressure without any sulfonamide by mouth Comparison is shown m 
Table VI 


Table VI 

HEALING TIME WITH VASEHNED GAUZE AND CONTROLS 



Vasehned 

Control 


Gauze 

(Sulfafilm) 

No 1 

26 days 

1 1 days 

No 2 

7 days 

7 days 

No 3 

8 days 

8 days 

No 4 

20 days 

7 days 


It should be noted again that although all areas treated with vasehned 
gauze were negative on original culture. Nos i and 4 subsequently became 
infected, both with hemolyticus Staphylococcus aureus, and treatment with 
the neutral petrolatum had to be discontinued In two instances no infec- 
tion occurred, and the healing time compared favorably with that of the 
control 

Tnethanolamine-S^djadmzine with Methocel — This preparation was 
applied to one area with the control in the same subject being sulfafilm 
Healing times were 21 days and 12 days, respectively Although estimated 
to be an escharotic of sorts, the triethanolamine-sulfadiazine-methocel prepara- 
tion failed to produce an eschar in 48 houis 

Pemcilhn Ointment — ^An ointment of penicillin containing 150 Oxford 
units per gram was used in one case The area was not dressed for five 
days, at which time because of extreme burning, pain and itching the dressing 
was opened The area was inflamed, pitted with tender granulations, and 
showed isolated areas of infection Further, the surrounding normal skin 
was excoriated, ulcerated and tender Further treatment with this method 
was discontinued Subsequent healing time of the converted lesion was 34 
days The control area (sulfafilm) was healed in eight days 
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Fth in Film — In two instances a plastic film containing human fibrinogen 
was used In one of these sulfadiazine was present and in the other there 
was no sulfonamide (Table VII) 


Table VII 

HEALING TIME IN DAYS 


Fibrin Film with Control 

Sulfadiazine (Sulfafilm) 

7 7 

Fibrin Film without Control 

Sulfadiazine (Sulfafilm) 

18-20 11 


Gross infection occurred under the fibrin film which did not contain sulfa- 
diazine 

Snlfadiastne-Gelahn — A preparation of sulfadiazine containing both 
soluble sodium salt and insoluble sulfadiazine dissolved and suspended m a 
gelatin base was used in three cases The resultant mixture was semisohd 
at room temperature, but on heating became semiliquid This was painted 
on the burn area m three cases Healing times were ii, 7 and 9 days, respec- 
tively, as compared to sulfafilm-treated control areas which healed m 13, 8 
and II days As a practical burn treatment, however, technical difficulties 
were encountered A rubbery eschar was obtained in 20 to 30 minutes after 
application, but this partially dissolved when serum from the burned area 
contacted the water-soluble gelatin For the small areas so treated this was 
overcome by sealing the gelatin eschar with cellophane and collodion The 
resultant dressing remained intact for the time necessary for healing Such 
a dressing, however, would be technically impractical for burns involving 
large areas of the body 


COMMENT 

Aside from the comparison between bilateral burns in the same indi- 
vidual, some interesting observations were made in the burns of different 
subjects which were treated by a similar agent Naturally, at the be- 
ginning of a series of burns in human volunteers the authors were con- 
sciously aware of the undesirability of encountering untoward complications, 
particularly as represented by uncontrolled infection which might require 
such treatment as would interfere with the usual medical student routine 
Further, the cosmetic end result of these lesions was advertised to the subjects 
as minimal scar formation Consequently, we were admittedly overzealous 
at first in our dressing routine, the lesions which were progressing satis- 
factorily frequently being redressed several times As more confidence was 
gained in our control method, and in some of the experimental treatments, 
dressings became fewer, and in many cases the original dressing was left 
until healing was complete It was soon noted that this had an appreciable 
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effect m cutting down the healing time The following figures represent 
some of the rather striking differences encountered (Table VIII) 

Tablf VIII 

RFLATION OF NUMBFR OF DRESSINGS TO HEALING TIME 
IN 38 LESIONS TREATED WITH SOLFAFILM 

Number of Average 

Dressings Healing Time 

S 13 8 days 

3 12 1 days 

2 9 3 day s 

1 7 6 days 

In the, relatively few cases treated with boric ointment the same observa- 
tion was made, namely, the fewer the dressings the quicker w'as the healing 
time We feel that the reasons aie twofold First, tliat removing any 
dressing, even w'here tlieie is no obvious adherence to the burned area, 
undoubtedly disturbs and piobabl}' removes some of the extremely friable 
new epithelium This occurs because the diessing tends to become incor- 
porated in the lesion Second, the factor of iiu leased contamination w'hicb 
IS cumulative w'lth each dressing change maj also interfere with the healing 
process 

Bactcnologic Bindings — As was stated, loutine cultures w^ere taken at 
the time of ddindement and treatment In approximately 50 per cent of 
the cases these cultures were positive, despite the fact as has been stated that 
iodine and alcohol pieparation of the selected burn sites was used In the 
remainder of cases cultures were negative far the more common con- 
taminant w^as Staphylococcus albtis Infrequently B subtilis, micrococcus 
tetragenes, diphtheroid bacillus and gamma streptococcus (indifferent) were 
cultured Important, however, is the fact that no difference w^as encountered 
in the healing of lesions primanl}’’ contaminated w'hen compared as a group 
with the lesions wdiich had negative cultures originally Subsequent infection, 
when encountered, appeared alike in both originally contaminated and 
originally sterile areas Gross infection occurred rarely in this series, but 
was most common wdien the escbaiotics weie applied 

Sulfonamide Sensitisation — Much has been written of late concerning 
development of systemic sensitivity fiom the local use of sulfonamides In 
the present series this phenomenon occurred only once during active treat- 
ment This was in one of the females who, as was stated, suffered a relatively 
deeper burn than the males, presumably due to the difference in skin thick- 
ness One of her lesions was treated with the sulfonamide-impregnated film 
and on the ninth day, at which time the healing was nearly complete, she 
complained of itching and burning at the burn site Examination revealed 
a papular rash, with vesiculation, weeping, and localized edema of the area 
Not only was the burn itself involved but also the surrounding skm This 
rash disappeared on treatment with bland ointments, and patch tests per- 
formed at this time on the anterior aspect of the forearm revealed apparent 
sensitivity to the sulfonamide-impregnated film, but none to a film of similar 
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base coiilaining no siilfonamirlcs J^issivc tiansfei tests weie umfoinily 
negative Retesting by the jiritcli method both f)n tiie si(c of the healed bum 
and on the foicaim was negative foi fmthei evidence of sensiti/ation, Jiecause 
of this case, howevci, 25 of the aic.is ticated with the sulfonamide film wcie 
tested by icapplication of the film to the bum site at weekly mtcivals following 
healing. In six cases a lash occuned at the bum site on the fii st test (Fig 9). 
When letcstcd a week latei, thiee weic still positive but none was positive at 
the end of five weeks In none of the six subjects w.is thcie evidence of 
sensitivity except al the burned aieas 'J'his psciidosensiti/afion is mentioned 
only because of its academic intcicst, since it is unlikely that an accidental 
bum should occur in the same aica within a shoiL lime in a single individUfil 



Fig 9 — .Stnmtivily nnclion npix.irmr iin n 
iinitiloiMiMiliir mnroiiiKlinr n milfoimniidi 

liliii t(( itted k'lloii one witlc nfiti loiii/iIlIl 
llLflllllC 

Rule oj SuljoncMmdc . — As we levicw this senes of cxjiciimcnhd bums we 
find scvcial indications that the use of sulfonamides cithei loc.illy 01 sys- 
tcmically m.iy excit a definitely beneficial influence Ihus, when a sulfona- 
midc-impiegnatcd film was employed the bums healed in the shoitcst time 
on the whole, although positive ciiltuics wcic obtained on ntimcious occasions 
Signs of inflammation such as he<it, icdncss and swelling, howevci, were quite 
umfnimly lacking. Again, in Ihc senes in which bone ointment was used 
locally with sulfadiazine by mouth fotti out of five cultiiics wcic positnc and 
the healing tunc was slightly inoie prolonged, but .igain no gioss infection 
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or inflammation developed When boric ointment alone was used the healing 
time was definitely prolonged and clinical signs of infection were in evidence 
It would seem, therefore, that the bacteriostatic effect of the sulfonamides 
IS accompanied by shorter healing time, and that complete elimination of 
infection as evidenced by persistently negative cultures is not necessary for 
prompt epithehzation of deep second degree burns 

Another point m local burn therapy which has been raised lately is whether 
or not a lesion should be debnded prior to the onset of definitive therapy 
To answer this question, five lesions were puiposely left wjth vesicles intact 
and the sulfonamide film placed over these The contralateral areas were 
debnded as usual and treated with the same agent All lesions were healed 
m seven days and the comparison of the new epithelium of the two sides 
showed little difference In three instances the blister was still imperforate 
and the fluid had been reabsoi bed while the lesion healed 

SUMMARY AND CONCLUSIONS 

A controlled series of 82 second degree burns m human volunteers has 
been studied and the efficacy of 12 different local treatments has been evaluated 
The best results as measured by rapidity of healing, absence of symptoms 
and freedom from all complications were encountered m the gioup treated 
with a sulfonamide-impregnated plastic film 

The next best, and very nearly as efficacious method, was local treatment 
with a bland ointment combined with sulfonamides administered by mouth 
However, certain qualitative differences weie noted between the healing 
processes of lesions treated with film and those m which boric ointment 
was used 

The value of the use of the sulfonamides either locally or systemically was 
clearly demonstrated m the control of infection and the evidence of sensitivity, 
resulting from their local application, was minimal and of no practical 
significance 

The importance of restricting the frequency of dressings was confirmed, 
as there was a direct relationship between the late of healing and the number 
of times the dressings were removed 

Under the conditions of this experimental series the lesions which were 
not debnded healed as well and as rapidly as those from which all nonviable 
tissues was carefully removed 

Our experience m this series of experimental bums gives additional 
evidence for the abandonment of any type of treatment with escharotic agents 
Finally, it is suggested that so-called second degree burns should be care- 
fully described as to their depth to facilitate greater accuracy m comparing 
results obtained m series reported m the literature 
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TANNIC ACID AND THE TREATMENT OF BURNS AN OBSEQUY* 
Roy D McClure, M D , Conrad R. Lam, M D , 
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FROM THE DEPARTMENT OF SURGERT OF THE HENRT FORD HOSPITAL DETROIT, MICH * 

Twenty years ago, on May 5, 1924, seven patients who had been burned 
m an illuminating gas explosion were admitted to the Henry Ford Hospital 
These men became the first of a category of treated cases which, m all prob- 
ability, numbers hundreds of thousands at the present time Tannic acid 
was applied to their burns All survived, and their case histones along with 
18 others were included m E C Davidson’s^ published paper on the method 
which appeared m August, 1925 It is hoped that this communication from 
a group working m the same institution will result m the abandonment of 
the treatment of bums by this and related methods This unqualified recom- ' 
mendation is prompted by comparatively recent clinical experience and animal 
experiments by us and others Under certain circumstances, the use of tannic 
acid produces a severe if not a fatal lesion m the liver, and carefully con- 
trolled experiments have shown that it is moderately inhibitory to the healing 
of wounds 

In April, 1940, two of us^ published a paper entitled “Problems in the 
Treatment of Burns Liver Necrosis as a Lethal Factor ” It was pointed out 
that in five consecutive autopsies, there w^as striking degeneration of the liver 
All of the cases had been treated with tannic acid jelly However, since the 
lesion had also been seen m at least one case treated by the widely used spray 
method,^ the role of tannic acid was not immediately appreciated Several 
authors called attention to the liver lesion, but did not incriminate tannic 
acid ® Notable among these were Wilson, and his associates, of 

Edinburgh, who were distressed with the fact that there were deaths from 
“bum toxemia” m children with small areas involved 

At the Clinical Congress of the American College of Surgeons at Chicago, 
in October, 1940, Donald B Wells, of Hartford, took part in a panel dis- 
cussion of burns, and showed photomicrographs of livers from experimental 
animals into which tannic acid had been injected subcutaneously To our 
knowledge, this was the first public accusation of the tanning method The 
article by Wells, and his associates,^ containing reports of six clinical cases, 
and the animal experiments appeared in Apnl, 1942 In March, 1942, one 
of us^° led a panel discussion on burns at a War Session of the American 

* Part of the work described in this paper was done under a contract recommended 
by the Committee on Medical Research, between the Office of Scientific Development 
and the Henry Ford Hospital 

Read before the American Surgical Association, May 3-4, 1944, Chicago, 111 
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College of Surgeons, and called attention to the probable relationship between 
the liver lesion and tannic acid 

In February, 1942, a project for the study of burns at the Henry Ford 
Hospital was approved by the Committee on Medical Research At the re- 
quest of the Subcommittee on Surgical Infections, alternate cases were treated 
by two currently accepted methods, namely, the tanning and vaseline-pressure 
methods Extensive studies were carried out on these patients, but only the 
observations regarding the liver are presented here Four illustrative cases 



Fig I — Case i Eschar from tannic acid jelly has formed 

Will be reviewed Two of these were tanned cases and two will be called 
controls, i e , they were treated with the presumably inert vaseline dressing 

ILI/USTBATIVE CASE BEPOBTS 

Case I ■ — L , white, female, age six She was admitted on March 17 , I942> 
having sustained severe burns when her clothing caught fire while she was playing 
with matches She was found to have deep burns of the face, abdomen and upper 
extremities (Fig i) It was estimated that 36 per cent of the body surface was involved 
(Fig 2) All blisters were removed and tannic acid jelly was applied Plasma infu- 
sions (800 cc ) were given during the first 24 hours A satisfactory correction of the 
hemoconcentration was obtained (Fig 3) Nevertheless, the clinical course of the 
patient was not good There was persistent vomiting on the second day The vomitus 
was of the appearance of coffee grounds on several occasions Bleeding from cracks 
in the tannic acid eschar was noted, and this observation was in agreement with the 
laboratory finding of a plasma prothrombin level of zero Oxygen, whole blood trans- 
fusion and adrenal cortex were given She became comatose, the urinary output became 
nil, and she expired on March 24 All liver function tests showed that profound hepatic 
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damage had occurred (F3g 4) Autopsy was performed The chief finding was the 
microscopic appearance of the liver (Fig 5) The tissue could hardly be identified as 
liver tissue, so great was the necrosis 

Case 2 — M A , white, female, age two On May 5, 1942, her clothing caught 
fire and she was severely burned She arrived at the Henry Ford Hospital three hours 



Fig 6 — Case a Appearance at time of first dressing (vaselined gauze, with pressure) 



Fig 7 — Diagram of bums in Case 2 

later Deep burns of the back, left arm and buttock were present (Figs 6 and 7) 
The blisters were removed, and cleansing was carried out with white soap and water 
Fine-mesh vaselined gauze was applied under pressure with machinists’ waste and 
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elastic bandages These dressings were not disturbed for two weeks Although there 
was some fever, at no time did the girl look dangerously ill Liver function tests showed 
essentially normal values (Fig 8) Three skin grafting operations were necessary to 
cover the areas of third degree burn, the first procedure being on May 26 She was 
discharged on June 21 m excellent condition 

Case 3— E S, white, male, age i6 On April 21, 1942, he was working in a 
gasoline station and his oil-soaked trousers became ignited There were second degree 
burns of the lower extremities, estimated as 22 per cent of the body surface (Fig 9) 
Blisters were removed and tannic acid jelly was applied within an hour of the injury 
He received 900 cc of plasma Nausea, vomiting and extreme lethargy developed on 
the third day and persisted for a week Clinical jaundice appeared on the third day 
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Fig 8 — Chart of liver function studies m Case 2 

Liver function tests showed marked disturbance of hepatic function (Fig 10) Infec- 
tion developed beneath the eschars on both legs Healing was complete on May 29 

Case 4 — C L, white, female, age 28 She was burned m a gas explosion on 
August 18, 1942, and was admitted to the hospital an hour later, with burns of 31 per 
cent of the body surface (Fig 11) She was treated with vaselined gauze and pressure 
dressings She received 2400 cc of plasma The dressings were changed on the 
eleventh day, and most of the burned areas were healed The liver function studies did 
not deviate from the normal except that the cephalin-cholesterol test was slightly positive 
on the third and fifth days (Fig 12) 

As far as we know, there are no substantiated cases of liver damage of the 
grade described in Cases i and 3 patients who have not had their burns 
treated with tannic acid Others^^ have gone over their pathologic material 
and have found that the hepatic lesion was present only in the tanned cases 
The lesion has been reproduced in experimental animals by a number of 
investigators 

In addition to the toxic effect just considered, there is an unfavorable 
local effect of the tanning method Wound healing is considerably delayed 
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and border-line second degree burns may be converted to third degree In 
1936, Taylor^® issued a timely word of caution in an article entitled “The 
Misuse of Tannic Acid ” He pointed out that the “fixing” of tissues, as with 
tannic acid, meant cell death, and that there was danger of live cells being 
thus “fixed.” 

The Padgett dermatome has made 
possible a convincing type of wound 
healing experiment It is possible to 
obtain two wounds of similar size and 
depth, one serving as the treated and 
the other as the control wound Ex- 
periments of this kind, using tannic 
acid, have been carried out by Cannon 
and Cope,^’^ in Boston, and Hirshfeld, 

Piling and Maun, in Detroit Tan- 
ning has invariably produced a delay 
in the healing of these dermatome- 
donor sites The latter investigators 
took biopsies of tanned tissue at va- 
rious intervals and demonstrated that 
the depth of the injury can be in- 
creased considerably by the use of 
escharotics 

Brush, Lam and Ponka^® found 
that both the 5 per cent aqueous solu- 
tion of tannic acid and the jelly caused 
delay in the healing of experimental 
cutaneous wounds in the guinea-pig 

(Fig 13) 

If tannic acid is toxic to the liver and does local damage, why was it used 
for 20 years, and why was it adopted so enthusiastically almost all over the 
world ^ What about the much publicized mortality rate reductions? We 
fear that the largest factor was “wishful thinking ” The management of a 
badly burned patient was (and still is) such an onerous task that any method 
with possibilities would have been received with open arms Scientific evalua- 
tion of a burn remedy is notoriously difficult and unreliable It has taken 
20 years to evaluate tannic acid A review of the early articles on this method 
of treatment shows that many of the reported series were remarkably small 
Many times, the mortality was high, but various alibis were given One 
paper^® reported that the death rate had been cut in half by the new treat- 
ment, but It IS noted that the primary mortality rate was unreasonably high 
(40 per cent) As a matter of fact, the mortality rate at the Henry Ford 
Hospital was not improved with the adoption of tanning, a fact vhich \vas 
indicated by statistics published in 1935^^ and 1940“ These figures and the 
most recent ones may be seen in Table I 
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Fig 12 — Chart of liver function studies in Case 4 
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Fig 13 — Wound healing experiment showing inhibiting effect 
of tannic acid jellj Both wounds were the same size ten dajs 
before Control wound (arrow) is healed. 
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Table I 

BURN MORTALITY RATE AT HENRY FORD HOSPITAL 


Date 

Method 

Cases 

1916-24 

Various 

118 

1925-36 

Tannic acid 

358 

1936-40 

Tannic acid jelly 

125 

1942-44 

Vaseline 

80 


Mortality 

Deaths Rate 

11 9 3% 

<2 11 7% 

22 17 6% 

2 2 S% 


It IS piobable that m many hospitals there was an actual decrease in the 
mortality rate during the “tannic acid era ” After Davidson’s paper, there 
was infinitely greater interest m bums All aspects of treatment became 
better In the more recent 3fears, sevei c cases were given large amounts of 


Fig 14 



Fig is 

Fig 14 — Case s Showing well formed tannic acid eschar 
Fig is — Case s Four weeks after injury Subcutaneous fat is visible everywhere on lower evtreniities 
The depth of tissue necrosis prevented tannic acid absorption 


plasma in addition to their tanning treatment It is obviously improper to 
assume that the recovery of such a case was due to the local treatment 

Some explanations are at hand regarding the inconsistency of the appear- 
ance of the specific liver lesion The method of application may have in- 
creased the rate and amount of absorption It is undoubtedly significant 
that the cases reported by Wells were treated in a tub bath, and most of our 
own cases were treated with a jelly, which was relatively slow to dry Many 
severely burned patients did not absorb much tannic acid on account of the 
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extreme depth of their burns A second degree burn presents the best absorb- 
ing surface The following case is one in which there was probably little or 
no absorption due to the uniformly great depth of the burn 

Case 5 — B S, white, male, age 21 Admitted on February ii, 1941, after his 
oil-soaked clothes caught fire. He had a third degree burn corresponding to the area 
covered by his trousers A good eschar was obtained with tannic acid jelly (Fig 14) 
He was given 2500 cc of plasma At no time did he show signs of shock or any symp- 
toms of hepatic insufficiency The icterus index during the first month was not above 10 
Tissue injury was extreme, however, as can be seen from a view taken after four weeks, 
showing all of the eschar lemoved, and no epithelium visible from the heels to the 
waistline (Fig 15) This patient expired on the fifty-fifth day, of inanition and sepsis 
He became refractory to transfusions of any type, and was not benefited by the heroic 
gesture of homografting However, his death was not related to early burn shock 
or toxemia 


summary 

Liver necrosis has been reported in a considerable number of burned 
patients treated with tannic acid Nonfatal cases frequently show marked 
disturbance of liver function in the acute phase of the burn The liver lesion 
is easily reproduced experimentally ^^'ound healing experiments on animals 
and on human donor sites indicate that tannic acid retards healing considerably 
In writing this “obsequy” for the tannic acid treatment of burns, it is far 
fxom our desire to write off the work of the late E C Davidson He was an 
indefatigable worker and a keen observer Had he lived, he might have 
recognized the shortcomings of his method before the others we have men- 
tioned It IS certain that we would be further along on the burn problem if 
we had had his help beyond 1933 
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Discussion —Dr Jonathan E Rhoads, Philadelphia We are grateful to Doctors 
McClure, Lam and Romence for their paper, because it will be helpful to surgeons 
everywhere to know that the tannic acid method has been abandoned by the institution 
from which it was introduced 

One of the jierplexing things about the history of the tannic acid method is the 
tremendous clinical experience which attested its value in reducing burn mortality 
Nearly every report except that which Doctor AIcClure made several years ago, mentioned 
a reduction in mortality of approximately 50 per cent It has been suggested that the 
improved mortality was due to other changes in treatment, but it seems doubtful if such 
a large number of good clinical observers would have overlooked this fact had it been true 
Even if It should be tiue that the reduction in mortality was brought about by other 
factors. It IS difficult to believe that the tannic acid method as generally used, actually 
caused the death of many patients who were not going to die anyway 

Those who died with a picture of toxemia generally showed marked changes in 
liver function, and during the period when tannic acid was widely used the changes in 
liver function and the histologic changes in the liver of those patients who died were 
regarded by many people as the cardinal signs of toxemia 

At the Pennsylvania Hospital since the tannic acid method has been given up, we 
have observed that toxemic deaths still occur In fact, since the advent of better 
methods of treating burn shock, a larger proportion of deaths following burns appears 
to be due to toxemia 

Recent studies, carried out under contract with the Office of Scientific Research 
and Development, indicate that mild changes in liver function still occur in patients 
treated with vaselined gauze and pressure dressings 

In this series of patients you will notice that the cases have been classified according 
to the rise in the van den Bergh test A number of other liver function tests were 
earned out, and of the group the van den Bergh seemed to be most representative of 
the changes observed 

Twenty-nine per cent of the patients treated with tannic acid had an elevation of 
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w \s t nsofiil one dining the M-ais following its intiodmtion, that it piolnbh ouisod 
\orj tew In 01 doiths in pitionts who would not ha\e died am how . that it was peihaps 
the fust t\pe ot dussnig tint was not ihuiged dining the Inst ten dns, and that it did 
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the treitiiKiit ol the e\tensnc tlnul-digue hiiiii \s a icsiilt ot the newei measnus 
lor comhuing slunk and infection, niim ot these se\eie hiiiiis tint toimeiK dunl 111 
the first tliice to five da\s snr\i\i to Ineonie piohknis ni ehionic inlietion h\ popioteineima 
and nitrogen imhalanee, aiuniia, weight loss md niitiition defaiciuies Rnnoial ot the 
slough and skin giattmg ol the icmammg giannlatmg au i ol these piticnts, shoitcn 
then hospital sta\ and immim.o then si an mg and eontiattnies thin am othei thei ipiiitie 
me isiire 

The hastening ol the seqnestiation and uiiio\ il of the slough ln\e been nndei 
imestigation dining tin pist two \eais In Beaid of Duke Uimersiti, using pipaiii and 
sihcihc iiid, and In Ilowes, of Cohimhia Uimeisit\, using Indunhloiu acid and pepsin, 
and in im othei u ids and en-\ nies But In these methods, although the slough w is 
hqucfied and disippeiied qniekh, the icmaming smiaee w is not a suitable one toi the 
t ikiiig of skin giafts 

Doctors Ilaiven and Conner ha\e made a le'al and significant e'ontiihntion in then 
use ol pvimie as a meins of lonuiMiig wholc-thickne'ss eloiigh, leaeing a suitable giami- 
latmg siirlaie foi immediate 01 piompt skin grafting ll the cliimal lesiilts will be 
111 am wae comparable to the cxpci niiontal bin ns we ba\e seen 111 their laboiatoie 1 
great step foiwaid will be taken in the tu'atment of wholc-thiekness Inn ns 

W’e Imc found a great difference', howc\ci, ni the me of pMmie acid on small 
areas as compaied with cxteaisne aieas eif slough In the foiniei it is possible to 
keep the and acti\c in a stau'h base', but in an extenisue slough, with consideiable 
exudation and with consideiable aariition ui the thickness ot the slough, the niain- 
tenanee ot the optimuin ol i o is diflieiilt and the slough doe's not sepaiate eieiih 

Iloweiei, 111 the few patients upon whom we haie used this piepaiation, it is evident 
that the acid does not damage normal skin, it eloes not eomeit second-degiee aieas into 
tlind-degie'c, it denial cates thnd-degice are is e,iil\ , it is p unless, and it iindoubte'dK 
e.auses an earh sepii.ition of slough, leaiing a grannlating base suitable foi e'aih 
skin giaftmg 

Tlieic are seier.al problems tint will ha\e to be studied caiefullj befoie the methcKl 
can be genei.allj 1 eccininiendcd One is the question of what the limit of the area is on 
which the pviuviL acid is applied befoic an acidosis is produced Secondh, is theie 
a danger 111 icnioiing too extensue a slough, leaiing a granulating siiiface that cannot 
be pioniptly skiii-gi ifted without leiiioeing in aniouiit of nornial skin becond the doiioi 
area liiiiit 111 aiuoimts that would cause seieie shock? Stamp-giafting aieas fioni whuh 
slough has been remoied at intcrials would ho necessarj in extensueh burned jiatients 

399 



McClure, lam and ROMENCE Annau or suTKcrr 

September 1944 

Dr Charles C Lund, Boston These four papers are very difficult to discuss because 
they bring up, in one way or another, most of the important problems of burns, and 
in five minutes I can only select one or two things to consider 

Doctor Andrus’ experimental burns arc very ingenious, a very useful method, and 
1 think Doctor Dingwall’s results are very important To me the most important table 
was almost tlie last table that he presented, that is, that the less often you dress a burn, 
the faster it heals 

I have felt that so strongly that recently, at a meeting of doctors under the 
auspices of an insurance company, with some of the insurance company’s officers 
present, I suggested that maybe the insurance company should take a leaf from the 
New Deal and find out how many dressings the fussiest doctor would be apt to do for 
a given burn, and then pay the doctor a flat rate for not doing those dressings 

The difference between boric ointment and the sulfa film was certainly significant 
and interesting I have become such a therapeutic nihilist on the subject of chemical 
applications to the surface of burns, that, as some people know, we have given up 
any application now except dry gauze, counting on rest, pressure with or without 
plaster, as creating as good conditions as we know of for the healing of a burn, and 
allowing those dressings to remain up to three and even four weeks 

The conditions here, with ambulatory patients, certainly do not give the conditions 
of rest that you get in a suitable Allen-Koch tj'pe of pressure dressing 

I was a little surprised that there was as much evidence of infection under the boric 
ointment treatment, either with or without sulfa drugs, as there was in this series, 
and I can explain it only on the basis that if these men had been in bed during the 
treatment, there might have been somewhat less infection 

However, the conclusions of this paper and the data are quite important, and 
they are another expression of the fact that we must avoid employing any treatment 
that delays the healing of a burn We cannot actually stimulate the healing’ of a burn 
The healing of a burn is done by nature, if we can create the right conditions, nature 
can heal it very rapidly 

Just a word about Doctor Moyer’s paper In the first place, I want to ask him a 
question How much hemoglobmemia was seen in these dogs with their extensive deep 
burns ^ From the experiments in much smaller burns of dogs and calves that C K 
Drinker, of Boston, has carried on, I would have expected there would be a great 
amount of blood destruction from the thermal injury of the blood in and under the skin 
in these dogs 

This paper has given me a great deal to think about, and I believe it is as important 
or more important than any paper I know of on the chemical aspects of burns in the 
last two or three years 

We are finding, by chemical tests on human patients, that there are very significant 
differences m the chemical blood changes associated with deep extensive burns from 
those changes of the same items in the widespread second-degree burns, and the problem 
of treating the extensive third-degree burns is certainly, according to our data m our 
hands, a much more complicated one than just trying to keep the hematocrit at a 
reasonable level by pouring in plasma 

We have not anything published on it yet, but we ourselves are getting very 
suspicious of possible harm from the citrate in the ordinary plasma when we are 
using three or four liters of plasma 

We are also very doubtful about lactate, as Doctor Taylor of our group will 
present shortly The blood lactic acid goes up as much as ten times in some bums without 
the administration of any lactate The sodium bicarbonate in the blood, if the burn 
is very severe, may go down, and it may go down to a significant extent 

Therefore, it is quite logical that if you are to treat to prevent or treat acidosis, 
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jou had better do it by bicarbonate rather than by lactate We cannot put that out 

as final, but it is one of the things we are woiking on 

I was delighted at Doctor Connor’s and Doctor Han 03 ’s method of removing 
slough, and I am glad to hear that at least it is not dangerous to apply to humans 

It looks to me like the kind of thing that man3 of us would like to use in cases 

ier3 shortly 

Dr Alfred Blalock, Baltimore, Md I ha\c never been an advocate of the tannic 
acid method for treating burns, but I doubt if the method should be completelv abandoned 
It might be the expedient method when numerous burns ha\e to be treated on a ship 
I would certainly doubt the wnsdom of placing on large picssure dressings under such 
circumstances if there is a possibiht} that the ship will ha^c to be abandoned 

]M3 purpose, however, is to discuss the paper by Doctor Moyer, and his associates 
I agree witli Doctor Lund that this is an excellent study A great deal of attention has 
been focused recently on the treatment of burns and other injuries by the use of salt 
solution Much of this interest is due to the w'ork of Rosenthal, of the Public Health 
Senice, on the treatment of burns in rats and in mice He finds that all sodium salts 
ait equally effectne and that the administration of salt solution b3'’ mouth or by vein 
is as effective as the intratenous use of blood serum or blood plasma One criticism 
which has been letelled at these experiments is that the tieatment is earned out almost 
immediate^ after the infliction of the burn A second criticism is that tremendous quan- 
tities of fluid equal to 8 to 15 per cent of the bod} w'cight are given E\en if his 
observations appl} in man, a real difficulty would be encountered by the armed forces 
under many circumstances in haMng available such large quantities of fluid 

Doctor Prinzmetal has also carried out similar experiments on rats and mice and 
he finds, also, that isotonic saline is as cffecti\e as plasma 

Doctor Haist, of Canada, on the other hand, has been studying a somewhat similar 
type of injury, namely, tourniquet shock Hemoconccntration occurs under these circum- 
stances just as it does in burns He w'aits several hours in these studies before carrying 
cut therapy and finds that salt solution is far mfcrior to plasma therapy Dr C N H 
Long, of Yale, has produced shock by' the slow w'lthdrawal of blood, and, here, it is found 
tliat plasma is far superior to salt solution 

Doctor Moyer, and his associates, as you have heard, have come to the conclusion 
that the administration of defibrinatcd blood by vein and of salt solution by other routes 
constitutes the ideal treatment for experimental burns in dogs The method which they 
have used in causing burns consists of immersion for 30 seconds This type of "cooking 
burn” IS not encountered frequently in man 

The emphasis which some of tliese investigators have placed on the giving of fluids 
by routes other than the intravenous one raises the question as to whether fluids will 
be retained and absorbed W'hen given by mouth and whether they will be absorbed when 
g.ven subcutaneously or by rectum 

Patients in shock are very apt to vomit when given large quantities of fluid by 
mouth The question arises as to whether the vomiting is due to impaired circulation or 
whether it is due to morphine which may be given to control pain It is stated in a 
lecent note from Major Beecher in North Africa that the vomiting is frequently due to 
the morphine I am inclined to think, however, that many patients in shock will vomit even 
though no morphine is given Certainly it is true that patients in severe shock absorb 
fluid from the tissue spaces very poorly It is agreed that fluids should be given by 
mouth if they are retained 

Doctor Fox has reported good results m the treatment of burns in man by the 
use of sodium lactate by mouth The experience of Dr E I Evans, of Richmond, in this 
regard has not been so encouraging Doctor Evans is here and I hope that he will 
comment upon this point 

It would seem to be a fundamental principle in fluid replacement that one should re- 
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place the loss as nearly as possible by fluid of the same composition It is an incontro- 
vertible fact that large quantities of plasma containing protein are lost at or near the 
site of severe burns It would seem that the burden of proof is on the person who says 
that the treatment of burns should not include the administration of blood plasma If 
fluids containing sodium salts are retained and absorbed when given by mouth, it would 
appear that this makes for an additional important therapeutic aid I am confident, how- 
ever, that the use of such sodium salts to the exclusion of plasma will result in a great 
deal of harm We should continue to use plasma in the treatment of burns unless it is 
shown by studies on man that other methods are equally effective 

Dr Everett Evans (Dept of Surgery, Medical College of Virginia, Richmond, Va ) 
At Doctor Blalock’s invitation I would like to discuss these papers very briefly, because I 
think we have had a great amount of clinical experience with severe burns 

Our service has had now close to 200 hospitalized burns First, we agree with almost 
everything that Doctor McClure has said about tannic acid Fortunately for us we stopped 
the use of tannic acid when we took over the treatment of burns as a research project 
In the present series, the only patient treated with tannic acid (by error), a child, died on 
tiic seventh day with a histor}' tliat reads almost exactly as the one presented by Doctor 
McClure 

We would take exception to one statement in the abstract, that is, “that there need 
be no concern about the liver in a burned patient if tannic acid is not used ” 

We have now four extensive burns (not treated by tannic acid) that have come 
to autopsy By “extensive” I mean 60 to 85 per cent of the body surface burned, each of^ 
these has shown a moderate to very severe liver damage on histologic section It may 
be that we are dealing here with liver damage in patients in acute starvation They 
lived for from five to seven days 

Our experience with sodium lactate, following Doctor Fox's contribution, has been 
very disappointing There were three deaths, consecutively, in patients treated with sodium 
lactate It did not control the shock, unfortunately, in two cases we got in only a very 
small amount of lactate because the children died very shortly after the therapy was started 

In the one case treated very heroically with sodium lactate, blood volume studies (and 
I may say mcidently we do blood volume studies by the dye technic on most patients) 
indicated that sodium lactate had no effect whatsoever in increasing the plasma volume of 
this severely burned patient In fact, it stayed about 17 cc per kilogram, or 30 per cent of 
normal, until plasma was given 

I think Doctor Whipple would be interested in our recent experience with the rapid 
icmoval of a third-degree burn slough which, I am sorry to say again, unfortunately 
ended in death At the suggestion of the Burn Committee we had the Duke University 
group come and try their solution on a burned child 8 years of age, with a 60 per cent 
s irface burn, third-degree It was elected to treat only one-half of the burned surface 
at one time I must say these men that Doctor Beard sent up were extremely careful 
in everything they did 

We did blood volume studies, gave transfusions and large amounts of fluid The 
child, unfortunately, died about eight hours after treatment was started, in what seemed 
to me to be severe shock 

So it seems to us who have had some experience with very widespread third-degree 
burns, that it is probably far better to remove slough slowly in an extensive burn, better 
to pay the price of having some scarring, than to lose a life with the rapid removal of 
third-degree slough 

Dr Roy D McClure (closing) We did not bury this treatment too deeply I was 
hoping Colonel Robert Harris might discuss this subject I know there are many ad- 
vocates still of the tannic acid treatment, and a lot of people do believe in a resurrection 
We do not at the moment 
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We have searched for liver sections from patients dying as a result of burns, which 
might show a central necrosis similar to that produced by tannic acid This search has 
been without success One of our men has offered a prire for such sections, and I am 
sure Doctor Lam will be especially an\ious to see Doctor Evans’ cases 

One thing that has held up tremendously the adiancc in the study of the cause of 
death after severe burns, is the fact that these cases arc ahvays cases for the coroner Too 
often the coroners ha\e rc\iew'cd the corpse and refused an autopsy, w'lth the statement 
that “Anyone can see that that patient died from a burn!’’ 

Dr J Walter Vaughan, Richmond, Va It docs seem unnecessary at the moment 
to show' slides showing the extent of an injury, but I should like to show' them anyw'ay, 
if I may 

(Slide No i) This shows an incision of the subcutaneous tissue and the marked 
hemorrhage that occurs adjacent to the skm 

(Slide No 2) This slide show’s a kidney w'hich I shall not comment upon at the 
moment, but you w'lll see the small bowel adjacent to the kidney, w'hich does show a 
degree of injury' 

(Slide No 3) This is an interesting slide show'ing an animal that has been treated 
with serum and saline, using a knife handle as the index of the degree of edema, and a 
bit of normal skin and subcutaneous tissue aS the white tuft immediately above the injured 
area, w'lth the blood less than half the amount if edema of this nature occurs 

(Slide No 4) This slide show's a heart w'lth marked subepicardial hemorrhages 
along the anterior descending coronary' artery 

(Slide No 5) This is an interesting slide showing a lung and an interesting reaction 
along the proud pleura, with marked hemorrhages along the intercostal vessels 

Dr Carl A Mover (closing) In answer to Doctor Lund’s question, the slide that 
you saw' show ed dogs that w'cre treated with saline and serum That degree of hemorrhage 
IS almost invariably' present when this form of therapy' is employed The amount of 
hemorrhage present in animals treated w'lth blood I V and w'ater by mouth was about one- 
third of that seen in animals treated w'lth serum The hemoglobeinemia amounted to 
as much as i 6 Gm per 100 cc in the period immediately follow'ing the injury, it usually 
decreased sharply w'lthin one hour The largest amount of hemoglobin collected m the 
urine in 24 hours w'as 13 0 Gm After the first day there w'as no appreciable hemo- 
globinuria 

As I said before, the tendency to generalized bleeding is present when serum and 
saline, and red blood cells and saline, are injected intravenously after the scald If 
blood IS given with salt, the generalized bleeding does not occur 
, In the animals that were successfully treated (blood I V and saline bicarbonate 
orally) the treatment was begun w'lth the administration of the salt solution one and 
one-half hours after the injury The addition of blood was withheld for three hours At 
that time a majority of the animals showed distinct signs of shock It was interesting 
to notice that the movement of the salt solution out of the stomach within the first hour 
and a half was usually very small, and many of the animals vomited before the blood 
was given intravenously 

After the blood was given intravenously the rate of the stomach emptying approached 
30 cc per kilo per hour, which is within the normal range of movement of fluid out of 
the stomach in normal dogs 

We have, likewise, seen this phenomena in man, that is, m the absence of adequate 
blood replacement vomiting is common, and fluids given orally are not retained After 
adequate replacement of the blood ha^ taken place, they do not have as much trouble 
keeping the fluids down as they had before 

The composition of the salt solution is also pertinent to vomiting The observations 
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of Underhill suggest it He noted tliat should vomiting occur in burned men who had 
been given a large amount of isotonic saline that the administration of s to lo Gm of 
sodium bicarbonate would frequently stop it 

We hold no brief that plasma is not of value However, the only thing that 
we have to say is that we are incapable of handling serum safely in dogs injured as 
severely as these and that serum (or plasma) is not as innocuous a substance as we 
have been led to believe 

There is no question whatever m my mind that should we reduce the degree of 
thermal trauma we could effect recovery with the combined use of serum and sodium 
chloride, sodium bicarbonate solution, as well as with blood and interstitial salt solutions, 
and if we would reduce the injury more we could effect recovery with salt solutions alone 

Dr. Frederick A Coller (closing) We have not had the opportunity to try this 
on human beings It is our misfortune, and perhaps the fortune of the patients, that in 
our clinic we see very few burns However, we do feel that the principles which have 
been discussed this morning, which have been developed m the experimental animal, 
have application to other clinical syndromes as well as those of burns 

I mention it now m the hope that some of our friends who may see these lesions 
may have an opportunity to try out these things that Doctor Moyer has mentioned We 
feel that crushing injuries at times are quite analogous to burns and may be managed 
m the same way We have had two cases of acute venous occlusion resulting in 
hypotensive states, with loss of four liters of fluid of some kind to the site of the lesion 
by our calculations, which presented this same problem, and which were treated along 
these lines We feel that some of the gas gangrene infections may also give use to 
abnormal states that may well be treated along tins line I exclude, of course, the 
bacterial aspect of it 

I simply mention tliese other clinical pictures, m the hope that some of you who may 
see them will be good enough, within the next year, to try some of this therapy 

Dr Samuel Harvey (closing) In the presentation we did not go into the clinical 
application of pyruvic acid because the experimental work is still going ahead, and we 
have not adopted any standard application of it in the clinic 

It IS quite certain the pyruvic acid, like succinic acid, has very little likelihood of 
being toxic from any possible absorption from burns It is probably destroyed rapidly 
m the body because it is concerned in the intermediary carbohydrate metabolism normally 
The question of removal of third-degree slough over a large area, and the systemic 
effect of so doing, is certainly a pertinent one, and it is not desirable that this method 
should be applied except m relatively small third-degree areas until one has gained 
adequate experience 

Inasmuch, as the clinical application of it has been opened up m this discussion, I 
think I should ask Doctor Connor to present briefly some material that we have 

However, I should like to say that our reason for not presenting clinical material 
was that we are not prepared, nor do we desire, to have this method applied until we, as 
well as certain other selected groups, have had sufficient experience so that all the 
details of the application of it can be given with the proper safeguards 

Dr Gervase J Connor (closing) For emphasis I should like to repeat that this 
method was standardized m animals, with a view to determining whether or not wit it 
could be satisfied the three objectives we had set up, namely (i) _The rapid remova 
of the slough , (2) without significant injury to living tissue (i e , the conversion o eep 
second- into third-degree burns) , and (3) the development of a base which would im- 
mediately accept a graft . , , t, 

Obviously, this question is first in importance The experimental results have s o 

that these objectives can be satisfied in bums in animals 
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This cannot be taken necessarily to mean that in the treatment, since there may 
well be a different optimum w'lth respect to the manner of application of the method 
under these conditions The results shown m the following slides indicate that the 
problem of remoMiig the slough in burns m patients should be satisfactorily soluble by 
this method, although further studv is nccessarj to perfect its use under these conditions 
(Slide No i) This is a patient who w'as admitted one week after a fire burn of the 
leg He had been treated at home, the local treatment including cod-hver oil and 
\’arious ointments, and came to the hospital only when he had developed a local 
infection The w'ound w-as treated with a gcuoous application of pyruvic acid paste 
at a />n of I 9 It is pertinent here to emphasize that the paste must be maintained in 
place, for otherwise one can scarcely expect the slough to separate rapidly 

(Slide No 2) In this patient the slough separated completely w'lthm six days after 
admission in spite of tlie fact that for the first three days the pjruvic acid paste w'as 
not reapplied The base of the wound was then acceptable for immediate grafting 

(Slide No 3) This slide show's the undamaged strip of unburned skin on the back 
of the same leg, w’hich area of skin was included under the dressing 

The wound w'as subsequently grafted after further exposure to the same pyruvic 
acid paste, tliere being no c\idcnce of injur}' to the base of the w'ound after this addi- 
tional treatment 
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Resections or carcinoma of the body of the pancreas have been 
reported on rare occasions since the first solid tumor of this organ was excised 
m 1882 by Trendelenberg Up to 1930, Oberling and Guerin^ were able to 
collect only ii instances of successful resections of malignant neoplasms of 
the body These included foui “epitheliomas” and seven sarcomas The liter- 
ature since 193® contains but few reports of such cases In Gordon-Taylor’s^ 
patient, a male, age 54, a large epithelial tumor arising m the midportion of 
the body was excised in 1927 but not reported until 1934 In 1938, Doberer^ 
reported two instances of resection of carcinoma of the body of the pancreas , 
in one, the tumor arose from the superior border and was about “the size of a 
prune,” m the other the neoplasm was quite large, involved the distal seven 
centimeters of body and tail, and also necessitated splenectomy The first 
patient was well two and one-half years later, the second died on the fifth 
postoperative day In the patient cited by Milhet, Dormay and FeyeP in 1940 
a large carcinoma of the body was resected There was relief from pain but 
finally cachexia and death two months later In the series of six patients with 
pancreatic cancer reported by Harvey and Oughterson'* in 1942, their “Case 1” 
presented a carcinoma of the body that was resected by subtotal pancreatec- 
tomy , there was survival for five months, death being due presumably to metas- 
tasis In 1943, Rockey® reported an instance of subtotal pancreatectomy for 
carcinoma extensively invading the organ, the patient died 15 days later of 
bile peritonitis 

The purpose of this communication is to record a small personal series of 
patients in whom attempts were made to deal with carcinoma of the body of 
the pancreas There were six resections of the body, including the spleen, and 
two total pancreatectomies, including total duodenectomy and splenectomy 

The technic for resection of the body of the pancreas has been evolved 
principally as a result of experience in recent years in excision of pancieatic 
tissue for hyperinsulinism The steps in the technic of such resections em- 
ployed in the patients reported here may be summarized as follows (Fig i ) 

Anesthesia Preferably continuous spinal 

1 High midline, transverse or inverted-T incision 

2 Approach to the pancreas by transection of the gastrocolic omentum 
from the level of the head of the pancreas to the gastrosplenic vessels 

3 Retraction of stomach upward and transverse colon downward 

* Read before The American Surgical Association, May 3 - 4 , i944> Chicago, 111 
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4 At this point, the body of the pancreas may be excised in one of three 
\\ays depending upon the expediency of each situation 

a Transection of pancreas at level of the neck, with resection proceed- 
ing distally of body and tail, hemostasis being secured by ligation of 
bi anches from the splenic vessels 

b Division and ligation of gastrosplenic vessels, then transection of 
neck of pancreas and splenic artery and vein at this level, with excision of 
body of pancreas and spleen en mas^c proceeding from the neck distally 
c Division and ligation of gastrosplenic vessels, then elevation of spleen 
by grasping in right hand, this bungs the tail and body of pancreas for- 
ward together with splenic aiteiy and vein Transection of neck of pan- 
creas and splenic vessels at level of supeiioi mesenteric vessels, with 
excision of bod} of pancieas and spleen cn inaKse 

5 Interrupted interlocking silk mattress sutuies are placed about o 5 cm 
pioximal to the cut edge of the remaining neck of pancreas The transected 
mam pancreatic duct, if apparent, is grasped with a hemostat and ligated 
separately 

6 The tiansverse mesocolon is repaired except 111 the region below the 
pyloius Here, one or tw'o soft rubber diains are inserted to the site of 
pancreatic transection 

7 Closure of the abdominal wound 

In some instances of redundant stomach the gasti ohepatic omentum may be 
transected, the stomach retracted downward and the body of the pancreas 
excised over the lesser curvature of the stomach 

Total duodenopancreatectomy and splenectomy for practically complete 
replacement of the pancreas by carcinoma w^as performed in tw^o patients as 
follows 

I In each instance the pancreas w^as exposed via the gastrocolic route 
2 The gastrosplenic vessels were divided 3 The spleen w^as grasped with 
the right hand and elevated to mobilize the body of the pancreas 4 The 
splenic vessels were divided about three centimeters distal to the origin of the 
portal vein 5 The peritoneum along the convex border of the duodenum was 
incised to mobilize the head of the pancreas and duodenum 6 The pylorus 
was transected several centimeters proximal to the pyloric sphincter, and 
upper segment of stomach closed 7 The common bile duct w^as transected 
below the level of the superior border of first portion of duodenum 8 The 
head of the pancreas and duodenum were completely mobilized and lifted 
away from the superior mesenteric vessels, the uncinate process of the pancreas 
and terminal portions of duodenum brought out to the right from beneath these 
vessels after transection of the ligament of Treitz 9 Transection of jejunum 
just distal to ligament of Treitz and closure of distal segment 10 Removal 
of entire pancreas and duodenum with attached lower pylorus and spleen 
II Gastro-enterostomy (Billroth II) 12 Choledochojej unostomy using 
loop of jejunum about 15 cm distal to above anastomosis, jejunojej unostomy 
between loops to choledochojej unostomy 
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CASE REPORTS 

RESECTIONS OP THE BODY OP THE PANCREAS AND SPLEEN 

Casei— JL (233821), male, age 32 (Previously reported m detail) The patient 
had attacks of hyperinsuhmsm and was explored in another institution in September, 
1939. where two tumors in the tail of the pancreas were observed and biopsied, with 
diagnosis of islct-cell carcinoma In January, I940( a large rounded tumor, 15 cm in 
greatest diameter, was resected together with portions of infiltrated stomach wall and 
jejunum There was no evidence of metastasis He was free from attacks of hyper- 
insulinism until July, 1942, when these recurred, and m August, 1942, exploratory 





Fig I — A Schematic representation of excision of body of pancreas and spleen 
CTO eastrocohe route St stomach Sp spleen T neoplasm in body of pancreas 

B Showing access to body of pancreas by downward retraction of redundant 
stomach 

C Total pancreatectomy with total duodcnectomy and splenectomy This is fol 
lowed by gastrojejunostomy and clioledochojejunostomy 

celiotomy revealed multiple hepatic metastases — ^biopsy only was performed Attacks 
recurred after a short respite, and from June to December, I943i alloxan was injected m 
attempted chemotherapy® The attacks were controlled for periods of three weeks 
Finally, at the patient’s request another celiotomy was performed to remove the remain- 
ing head of the pancreas and what liver metastases could be resected The portal vein 
was divided accidentally, necessitating ligation He died two hours after operation He 
survived three years and il months after excision of the primary growth 

Case 2 — P F (162585), female, age 73, was admitted, July 27, 194O1 complaining 
of a mass in the epigastrium and dull intermittent epigastric pain, both noted for two 
months She stated that she had had “stomach trouble for 50 years” Examination 
revealed a firm, rounded mass in the midepigastrium situated over the aorta and trans- 
mitting a bruit Roentgenograms of the stomach were normal The clinical impression 
was abdominal tumor of undetermined origin or aortic aneurysm Celiotomy was per- 

408 



Volume 120 CARCINOMA OF PANCREAS 

Number 3 

formed August i, 1940 The mass was discovered to be a rounded carcinoma in the body 
of the pancreas, 4 cm m diameter, near the neck The neck was transected and body 
of pancreas, with spleen, resected There were a few metastatic nodes m the liver, not 
exceeding l cm in diameter, and several enlarged and firm periaortic lymph nodes 
Immediate recovery from the operation was satisfactory, but the patient expired suddenly 
on the third day Necropsy revealed an antemortem thrombus in a branch of the portal 
vein and several hepatic infarcts There wcie several old healed myocardial infarcts 
Case 3 — 1 >I K (295967), male, age 66 A phjsician, in June, 1942, developed con- 
stant seiere epigastric pain not related to eating or bowel movements Appetite became 
\ery poor, and he lost 12 pounds m five months The pain finally developed a high 
girdle distribution was \er}’ seiere, especially upon ly iig down, airl became more or less 



Tic 2 — Case 3 Surgical specimen consisting of entire body of pancreas infiltrated b> 

carcinoma, and spleen 

constant After numerous consultations, he made his own diagnosis of neoplasm of the 
pancreas Icterus had developed Physical examination was negative except for upper 
abdominal tenderness Celiotomy w'as performed November 2, 1942, and revealed a car- 
cinomatous mass in the midportion of the body of the pancreas, with multiple hepatic and 
peritoneal metastases With the abdomen open it was decided to resect the body and tail 
of the pancreas in an attempt to alleviate pain The jaundice appeared to be due to 
mtrahepatic obstruction from metastases as the common duct was not enlarged- The 
surgical specimen is shown in Figure 2 Immediate recovery was satisfactory and there 
W'as much less pain during the postoperative period He died five weeks later, cachexia 
having become very pronounced Necropsy levealed carcinomatosis 

Case 4 — D (170446), female, age 55, was admitted September 5, 1943, com- 
plaining of generalized fatigue for over a year, periods of nausea and vomiting for one 
month , and loss of 20 pounds during the past four months, attributed to “dieting ” Slight 
icterus On physical examination, the right lobe of the liver was moderately enlarged 
but smooth Roentgenologic examination revealed normal stomach, extrinsic pressure 
narrowing in the upper half of the descending portion of the duodenum and nonvisuali- 
zation of the gallbladder The clinical impression was carcinoma of the head of the 
pancreas Celiotomy was performed September ii, 1943 An oval carcinomatous mass, 
about 4 cm in diameter was found in the proximal portion of the body of the pancreas 
and extending into the neck It was planned to excise this by pancreatoduodenectomy, 
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with transection of the pancreas in midportion of the body well beyond the neck The 
operation was begun in the usual manner by mobilizing the head of the pancreas and 
duodenum When mobilization of the neck was attempted the first portion of portal 
vein was accidentally opened due to tumor infiltration of an appreciable segment of the 
wall Before hemorrhage could be arrested the portal and superior mesenteric veins 
had been ligated and had retracted some distance from each other It was felt that the 
patient would not survive and that termination of the operation as quickly as possible 
was indicated Transection of the pancreas through the tumor was carried out to excise 



Fig 3 — Case 4 Necropsy specimen obtained on tenth postoperative day L liver 
and gallbladder P ligated portal aein, O proximal portion of body of pancreas, 
with bisected portion of tumor, T tn stitt, small white arrow to right of pancreas 
indicates site of ligation of superior mesenteric vein 

the mobilized lower stomach, head of pancreas and duodenum A gastrojejunostomy was 
performed and a urethral catheter tied into the transected common duct and brought to 
the outside through the abdominal wound The immediate postoperative course was 
astounding in that recovery was relatively satisfactory She survived for ten days 
Necropsy revealed acute biliary fibnnopurulent peritonitis She had had a pelvic oper- 
ation 20 years previously There were extensive omental adhesions to the lower anterior 
abdominal wall and in addition to this collateral venous circulation was obvious at the 
base of the mesentery of the small bowel and in the retroperitoneal spaces The necropsy 
specimen showing ligated portal and superior mesenteric veins is demonstrated in 
Figure 3 

Case 5 — G M (50813), male, age 49, was admitted October 9, i943, complaining 
of severe spasms of pam in the back of five months duration, with radiation to each side 
which was described as affording the sensation of "giant ice tongs” having been applied 
to his body There had been loss of 20 pounds weight in four months Palpation of 
the abdomen was negative except for moderately enlarged liver Roentgenologic study 
of the alimentary tract was negative The patient had been luetic but had had extensive 
treatment The clinical impression was carcinoma of the pancreas Celiotomy was per- 
formed October ii, 1943 A tumor mass, 10 cm in length and 6 cm in width, was sit- 
uated along the superior border of the pancreas and apparently arising from this organ 
No metastases were apparent Resection of the body of the pancreas and spleen together 
with adherent left adrenal gland was carried out (Fig 4) There was diffuse but not 
marked cirrhosis of the liver and this organ was biopsied Immediate convalescence was 
satisfactory Pam was completely relieved He was discharged on the 20th day At home, 
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he did not continue to improve, icterus developed and became progressively worse Weak- 
ness became more pronounced and there was loss of appetite He succumbed November 
i8, 1943, five and one-half weeks after operation Necropsy revealed large intrahepatic 
metastases not appreciable on the surface, situated just within the porta hepatis and 
occluding the right and left hepatic ducts 

Case 6— C P (325186), female, age 55, was admitted, January 12, 1944, com- 
plaining of “gas pains” in the left upper quadrant and pain in the region of the umbilicus, 
w ith radiation through the bodj to the back, two months duration She stated she had 
had “stomach trouble all of her life” Theic was loss of 20 pounds weight in the past 



i - 

Fig 4 — Case s Surgical specimen consisting of entire bodj of pancreas with large 
carcinoma (T) arising from upper border, and spleen 


month Physical examination retealed marked tenderness in the upper abdomen and a 
firm tender nodnle ivithin the umbilicus, suspected of being a metastasis Cholecystograms 
revealed nonvisuahzation of the gallbladder The clinical impression was possibly car- 
cinoma of the gallbladder Celiotomy was performed on January 15 The lower portion 
of the stomach w'as studded wnth metastatic nodules as was the falciform ligament and 
deeper aspect of the umbilicus In the wall of the lesser curvature of the stomach there 
was an oval, firm area assumed to be malignant neoplasm In the distal portion of the 
body of the pancreas there was an oval, firm mass, 4 cm m greatest diameter, obviously 
carcinoma The liver and peritoneal surfaces were free from metastases The gallblad- 
der wall was slightly thickened and it contained numerous small stones A subtotal gas- 
trectomy was performed leaving about one-sixth of the stomach The spleen was then 
mobilized and used as a handle to elevate the body of the pancreas The latter was 
transected about 3 cm distal to the neck, with resection of tumor-bearing portion of 
pancreas and the spleen The stump of pancreas was closed with interrupted interlocking 
silk mattress sutures A Polya gastrojejunostomy was performed The falciform liga- 
ment and umbilicus with surrounding tissue were excised (Fig 5) The gallbladder filled 
tvith small stones was not removed Convalescence was rather stormy due primarily to 
failure of function of the gastro-enterostomy The patient however w'as sustained by 
glucose, casein digest, and gelatin intravenously, and eventually improved She was dis- 
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charged on the 44th day after operation, able to partake of general diet, free from pain, 
and in fair general condition Three months after operation her condition remains rela- 
tively satisfactory There is no abdominal pain, she is able to eat a varied diet and 
IS ambulatory 



Ffo S “-Case 6 Surgical specimen consisting of Pt distal portion of body of pancreas nith 
carcinoma (C) and spleen 

S, lower 5/6 of storaacli resected because of serosal mefastases from pancreatic neoplasm G 
large metastasis which at operation was thought to be primarj carcinoma in stomach U umbilicus 
and falciform ligament containing metastases 


TOTAL PANCREATECTOMY 

Case 7 — H (302199), male, age 67, vs^as admitted, February 24, 1943, com- 
plaining of loss of 40 pounds weight, diarrhea, continuous upper abdominal pain of five 
months duration, icterus for two months, with severe pruritis, and pain m the chest, 
cough, edema of ankles, and lioarseness of two weeks duration Physical examination 
revealed dullness and absent breath sounds in the left thorax , the abdomen was negative 
except for a moderately enlarged and smooth liver and questionable fluid wave Icteric 
index IIS Roentgenograms of the chest showed massive left hydrothorax The stomach 
and colon were normal Left thoracentesis was performed (625 cc of bloody fluid), on 
February 22 Celiotomy was performed February 26, 1943 The entire pancreas was 
found extensively indurated by carcinoma, there were several hepatic metastases Total 
pancreatectomy, total duodenectomy and splenectomy with gastrojejunostomy and chole- 
dochojej unostomy were pei formed Immediate recovery was satisfactory but the patient 
succumbed on the third day Necropsy revealed massive bilateral pulmonary consolidation 
as the immediate cause of death 

Case 8 — N R (309791), male, age 29, was admitted. May 20, 1943, because of 40 
pounds weight loss in four months, upper abdominal pain, more or less constant, and 
increasing m severity, three months, increasing icterus and pruritus, two months 
Physical examination was essentially negative except for upper abdominal tenderness, 
moderate enlargement of the liver and severe icterus (icteric index 159) Celiotomy was 
performed May 27, 1943 The pancreas was diffusely involved by carcinoma, there 
were no hepatic metastases Total pancreatectomy, with total duodenectomy and splenec- 
tomy, gastrojejunostomy and choledochojej unostomy were performed Immediate recov- 
ery was satisfactory, but after the second day the course was rather stormy Less 
insulin than anticipated was required The details of the postoperative course from this 
standpoint will be reported elsewhere (Goldner and Clark) He succumbed on the ninth 
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day Necropsy revealed metastases to mediastinal lymph nodes, suprarenals, both kidneys, 
a small perforation of the common duct from which there was a sinus to the abdominal 
wound; bilateral partial atelectasis, in short, the patient died of exhaustion 

A summary of the results m the abo\e series of patients is given in Table I 

Table I 

RESECTIONS or THE BODY OF THE PANCREAS AND SPLEEN 

Pathologic Condition Course 

Islet-cell carcinoma in\ ading entire bod> Lived 3 > ears, 1 1 months Died after 3rd 

celiotomy as a result of portal vein ligation 
Carcinoma proximal portion of bodj rcii Died 3rd day (portal thrombosis?) 
hepatic metastases 

Carcinoma invading entire bod> Multiple LiicdSweeks Died of carcinomatosis 
hepatic metastases 

Carcinoma of proximal portion of body and Livcd9da>s Died of bile peritonitis Portal 
neck X cm ligated 

Carcinoma arising in upper border of body Lived S 5 weeks Died of “exhaustion 

Necropsy rev ealed single large mtrahepatic 
metastasis 

Carcinoma of tail of pancreas vv ith metastasis Living 3 months after resection of body of 
to stomach and retroperitoneal lymph nodes pancreas and radical gastrectomy Evidence 

of recurrence 

TOTAL PANCREATECTOMT AND DUODENECTOMT WITH SPLENECTOMY 
Case 7 Entire pancreas replaced by carcinoma Meta- Died 3rd day Massive bilateral lobar pneu- 

stases in hv er monia 

Cases Entire pancreas replaced by carcinoma Meta- Died 9th day of “exhaustion ’ 

Stases in liv er 

Immediate operative mortality, 50% (4 cases) 

Survivals 4 cases, 5 weeks 5 5 weeks 3 years IJ months one living 3 months m fair condition respectively 

SECONDARY INn’OLVEMENT OF BODY OF PANCREAS 

Neoplasms arising in viscera adjacent to the body of the pancreas may 
iin olve the latter by direct extension This does not constitute a contraindica- 
tion for excision of these growths since resection of the body and tail of the 
pancreas en masse with them is quite feasible The author has performed total 
gastrectomy, %\ith splenectomy, transverse colectomy, and resection of the 
body and tail of the pancreas for carcinoma primary in the stomach The 
patient survived six months, with a period of symptomatic improvement In 
another patient a large adrenal (left) carcinoma, 20 cm m diameter, infiltrat- 
ing the under surface of the left diaphragm, the muscles of the left posterior 
abdominal canty, the hilum of the spleen, about the upper pole of the left kid- 
ney, and the posterior surface of the body and tail of the pancreas, was resected 
en masse, with its extensions, including the under surface of diaphragm, body 
and tail of pancreas, etc The patient is living and well, without evidence of 
recurrences two years later He is at work full time as a draughtsman A third 
patient with a very large carcinoma of the splenic flexure infiltrating the 
stomach, hilum of the spleen, and body of the pancreas was recently subjected 
to successful resection of the lower three-fourths of the stomach, together with 
body of the pancreas, spleen, most of transverse colon, and upper two-thirds 
of descending colon Other cases of excision of portions of the body of pancreas 
with neoplasms arising in adjacent organs have been reported elsewhere ^ The 
success of massive resections as described above is dependent, to a large extent, 
upon the liberal use of blood transfusions Transfusions are begun at the out- 
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set of the operation and continued as needed to maintain a systolic pressure of 
loo Mm of mercury Quantities of 2000 to 3000 cc are sometimes necessary 
and must be employed without hesitation Plasma transfusions alone do 
not suffice 



Fig 6 — Cnse 8 Surgical specimen consisting of entire pancreas infiltrated b> 
carcinoma, spleen, lower stomach and entire duodenum Arrow indicates duodeno 
jejunal junction 

Discussion — In six of the eight patients subjected to partial or total 
pancreatectomy, metastases weie apparent at the time of operation What, then, 
was the justification for the operation^ \¥ith the abdomen open it was felt 
that the primary growth should be resected as a means of palliation since in all 
of these patients (except Case l) constant severe pain was an outstanding 
complaint The pain of cancer of the body of the pancreas is characteristically 
severe, non-coheky, and more or less constant, and its amelioration would con- 
stitute a degree of palliation Appreciable amelioration of pain was actually 
accomplished in Cases 3, 5 6 However, the question remains, principally 

of academic interest, whether such relief was afiforded by the removal of the 
cancerous pancreas, or by the extensive division of sympathetic nerves which 
such operations entail 

The results obtained in the above senes of patients are far from encour- 
aging The great difficulty in tnis field lies in the fact that patients are not 
subjected to celiotomy early enough in the course of the disease to permit of 
complete excision by radical resections Cancer of the body of the pancreas is, 
indeed, a silent lesion in its earlier development (except when it may arise in 
the neck and proximal portion of the body and produce icterus, as in Case 4) 
It is removed from the alimentary and biliary tracts and, therefore, does not 
produce obstructive symptoms early With exception of Case i (insulin-pro 

414 



Volume 120 
Number 3 


CARCINOMA OF PANCREAS 


ducing islet-cell carcinoma) the above patients’ serious complaints weie of 
two, live, four, live, two, live, and four months dui ation, respectively, an aver- 
age of three and eight-tenths months Eaily in these peiiods it would appear 
to have been hardly justifiable fiom the histones as given, to make the diag- 
nosis of carcinoma of the body of the panel eas and advise operation There is 
no purpose to be seived by repeating heie the classical signs and symptoms of 
caicmoma of the body of the pancreas, since these aie well known and when 
present the patients usuall} are in an advanced stage of the disease As men- 
tioned m a previous communication, theie is peihaps some paiallelism between 
the present situation surrounding the suigerj" of cancer of the pancreas and 
the situation of gastiectomy for caicmoma of the stomach dm mg the quartei 
centuiy following Billroth’s first successful pyloiectomy Relatively few pa- 
tients vere subjected to partial gastrectomy during tins period and the large 
majorit} of the patients vho underwent explorator}^ celiotomy foi gastric can- 
cer vere considered inopeiable Indeed, the future of gastiectomy for cancel 
was not considered veiy blight by some authorities of that period It is hoped 
that, with the feasibilit}’ of radical pancreatectom} now well established, per- 
sistent efforts will result in a more hopeful futuie foi this particular branch of 
surgery than would appear to be justifiable on the basis of expeiiences up to 
the present time 

STOCMARY 

Cancer of the body of the pancreas is manifested clinically late m the 
course of the disease While radical resection of such neoplasms is feasible, 
few patients are subjected to opei ation early in the evolution of these giowths 

Six instances of resection of the body of the pancreas with splenectomy and 
two instances of total pancreatectomy, with total duodenectomy and splenec- 
tomy, are recorded The immediate operative mortality was 50 per cent (foui 
cases, including the two total pancreatectomies) One patient with islet-cell 
carcinoma invading the entire body and later manifesting hepatic metastases 
lived three years and ii months Of the remaining three, two survived five 
weeks and five and one-half weeks, respectively, had metastases at the tune of 
operation, but experienced appreciable amlioration of severe abdominal pain 
The third is living, comfortable, and in fair general condition three months 
following resection of the body for carcinoma and subtotal gastrectomy for 
metastases to the stomach Metastases to the falcifoim ligament and umbilicus 
were also resected 
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Discussion — Dh Roy D McClure, Detroit, Mich I uish to report a successful 
case of total pancreatectomy for primary carcinoma of the pancreas, showing the 
feasibility of Doctor Brunschwig’s experience 

A 46-year-old male was admitted to the Henry Ford Hospital, January 2, 1944, for 
treatment of painless obstructive jaundice A diagnosis of probable carcinoma of the 
pancreas was made on the basis of the history of gradually deepening jaundice, plus 
the presence of a palpable mass in the midepigastrium in the region of the pancreas 
Celiotomy by my associate, Dr Lawrence Fallis, was performed, January 14, 1944, 
under nupercaine anesthesia A transverse incision was made in the transpyloric plane 
Exploration revealed a distended gallbladder, a dilated common duct, and an enlarged 
pancreas which was indurated throughout 

A one-stage, complete pancreatectomy, duodcnectomy and splenectomy was performed 
Section showed carcinoma of the pancreas Restoration of the continuity of the intestinal 
tract was by terminolateral gastrojejunostomy, with implantation of the common duct 
into the jejunum proximal to the anastomosis 

The patient left the hospital on the 23rd day after operation, following an uneventful 
postoperative course He returned to part-time work two months later His insulin 
requirements have been 26 units of protamine insulin daily, supplemented about twice 
weekly by 8 units of regular insulin 

This patient was shown in our clinic one week ago today His jaundice has entirely 
disappeared His strength is improving, and he has the appearance and mental attitude 
of a healthy normal man Doctor Fallis 'S continuing his studies of this case Not 
so many years ago we thought the pancreas an essential organ 
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THE REPAIR OF SURFACE DEFECTS OF THE FOOT=^ 

Lt Col .Lwls Rarrett Broa^’n, M C , A U S 

AND 

Cart Br vdford Cannon, AI C , A IJ S 

The skin and subcutaneous tissues of the sole of the foot (and of the 
palm of the hand) constitute a specialized organ, similar stiucture does not 
occtii elsewhere m the body, and it is a congenital sti ucture — not a develop- 
mental one Covering, tiansplanted in the sole fiom other areas of the body, 
does not metaplase to become a noimal sole — simply valkmg on the new tissue 
will not cause it to change into a noimal sole The opposite may be true, 
and theie may be difficulty in maintaining a satisfactory condition of tissues 
transplanted to the sole Keratosis, vaits and ciacks, may lequire frequent 
attention, and chronic ulcers may occui It might be said that only substitu- 
tions can be made for losses of the sole 

By recognition of the importance of the intact sole of the foot, so that 
interruptions of its surface are kept to an absolute minimum in surgical pro- 
cedures, and so that adequate repaiis are designed and cairied out when 
necessary, much morbidity can be avoided The importance of a normal sole 
of the foot is often overlooked just as the skin covering of the body is not 
thought of much, until it is diseased or has been lost In the foot the com- 
parison might be the difference one expeiiences m not having and m having 
a tack in a shoe Just as soon as the intact sole is opened, trouble and dis- 
ability begin, and they continue until there is complete permanent healing 
The covering is also specialized aiound the heel and heel cord — over the 
dorsum it is not so much so, but the important subcutaneous tissue over the 
malleoli and the dorsum must have intact surface covering, to perform its 
function of resistance to trauma 

The seiisojy neive supply on the foot is of great importance too When 
there are anesthetic aieas, and especially if they are m scarred or repaired 
areas, there is constant danger of trauma and chronic ulceration In dealing 
with large number of patients it seems apparent that intact sensation in the 
foot is close, in relative importance, to that of the cornea and the hand Sen- 
sation will return, if the nerves are piesent in the aiea — even to free grafts 

Presented by title before the American Surgical Association, May 3-4, 1944, 
Chicago, III 
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Tig I —Small tnsignificant looking graft put on after resection of painful scar 
Soldier had been returned to Z I , and was ready to give up because of discomfort 
hollowing relief of pain and healing with the tliick split graft he requested return to 
duty One operation 



Fig 2 — Traumatic loss of forefoot with skin loss over rest of foot Patient came in for 
amputation Completely covered m one operation with thick split skin grafts Persistence of 
function after sr^ years patient pursues all normal activities, but has some annoying keratosis 
and requires care and protection 

From ^'Sktn Grafting of Burns" Brown Sr McDouell, J B Lippincolt, 1944 
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and flaps, but if the nerve does not get into the aiea, peimanent anesthesia 
will result The regeneration of sensation is often such a slow process that 
it IS impossible to keep the patient in bed the -whole time — but the fiist display 
of carelessness with an anesthetic foot wull lesult m ulceiation and trouble 
Even small lesions on the foot ma}' pioduce complete and piolonged debil- 
it} , as any one can attest w ho has had a painful w'ai t And these small lesions 
in military serMces are capable of much Avaste of man power It is recog- 
nized, that a small lesion on the foot, that w'ould go unnoticed in civilian life, 
may cause complete loss of senice in a soldiei, because one of the most 
important functions is that the soldier be able to w^alk Small lesions have 
been observ^ed to haAe kept soldieis oft duty ovei a yeai, and one, Avitli ulcers 
over the shins, was off duty through a nme-yeai peiiod 

These small lesions may be undiamatic, and seem little, in the ovei-all 
pictuie of A\ar wounds Their lepaii may seem insignificant, but may be 
most difficult to accomplish, and finally may mean a veiy gieat deal to the 
patient (Figs i, 5 and 6) 

The commonest causes of tiouble are shell fiagment and gunshot wounds, 
burns, traffic accidents, warts, decubitis, radiation, and cold mjuiies 

Pi copetatwe caie is necessaiy foi an}^ type of opeiation, and includes rest, 
baths, soap and whaler, sulfonamides 01 penicillin, fine-mesh gauze next to 
open wmunds, cotton mechanics waste, 01 latex-foam piessuie dressings, and 
elastic bandaging of the foot and leg Bacterial studies ai e made on chronic 
ulcers and every effort is made to get them as clean as possible No repair 
or operations need be contemplated until all sloughs, dead tendons, fascia and 
bone are out of the Avound, and there is a good tendency to healing and the 
development of a minute blood suppty that aviII support the transplanted tissue 
Physical therapy procedures are used in practically all patients Inflamma- 
tion and edema of the foot or leg are contiaindications and the same criteria 
are necessary for flaps and grafts Flaps do not need less careful prepara- 
tion — in fact, they require the closest attention to detail because loss of one 
IS more serious than loss of a free graft Patients have been seen Avith lost 
flaps and Avith the donor site of the flap Avorse than the oiiginal lesion 

Resection of Scais — Scars of widespread lesions of gunshot wounds may 
be exceedingly dense and deep, and leave small chance of arriving at a normal 
minute blood supply This is still more true of radiation lesions, so that 
apparently radical procedures have to be carried out to give any chance of 
survival of the transplanted tissue 

Several different methods of repair of these lesions are available and are 
fitted to individual patients 

Burns and superficial losses are often amendable to free grafts here — as m 
other areas of the body (Fig 4), but gunshot and shell fragment wounds, and 
other deeply scarring injuries, often require some type of flap repair 

Gi afts veisiis Flaps — Flaps are not apt to do well wffieie grafts will not, at 
least, take and survive Flaps must attach throughout the whole extent of 
the wound, and although much of their blood supply may come from edges, 

419 



BROWN AND CANNON Annais of Surgery 

O c t 0 b e r 2944 

there must be him healing thioughout the full base of the lesion, or the flap 
will be detached, and tioublesome sinus formation will persist and make the 
lepair piactically useless A distant flap does not bring in any additional 
blood supply, but just helps the local, minute supply secondarily, after the 



Tig 3 — Decubitis of both heels (also snerura and elbow in 
same patient) Healed by “dressing" areas in thick split grafts 
One operation 

scar has been excised for the leception of the flap Local flaps, on the other 
hand, do bring m then own blood supply and can be relied upon actually to 
improve the local circulation The necessary caution about the use of local 
flaps IS that they may deprive another area of needed covering, and they may 
cause loss of important local sensory nerves (Figs 7, 8, 9 and 10) 

Beaung points and “silent” areas are of extreme importance, and local 
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flaps should not be designed that uncovei impoitant weight beaiing points 
or the heel coid, or malleoli, so that these aieat>, m turn, have to be covered 
vith inadequate skin grafts AVhen moie oi less “silent” areas can be utilized 
for local flaps the) find then best application, but it is important to remember 
that vhen a flap is used that its bed neaily always has to be lepaired 
(Figs 5, 6 and /) 

Methods — (i) Excision of scais oi lesions and lesutuie can be undei- 
taken only occasional!}, because thcie is little oi no extia tissue in the foot 
Care must be taken in deciding on this procediiie — especially over the heel 



Fic 4 — ^Painful dcformit> from old burn, complete restoration of function from one 
thick split graft operation, persisting after nine jears 
From 'Skin Crafltug of Bunts/’ Brown & McDo'icII, J B Lxfptncoll, 1944 


cord and on the sole This inocedure can be employed when theie has been 
a partial amputation and v hat amount to adequate flaps have been pi eserved 
But as a general rule the sole of the foot is not subject to excision and closure 
and primary healing Neither will it give satisfactoiy healing if laige areas 
are lost and closure by granulation and scai epithelium is allowed to occur 
Large losses nearly always need some type of replacement even if the replace- 
ment is a rather pooi substitute 

(2) Free skin grafts are used if a satisfactoi}'^ thickness of subcutaneous 
tissue remains to give support and blood supply Giaft^, of couise, will not 
grow on bare cortical bone, oi baie tendon or fascia When free grafts are 
used, good thick split-giafts usually suffice and they prefeiably should be 
taken from hairless areas One important use of grafts is to get wounds 
healed quickly even if it is lecognized that the graft will not be a final restora- 
tion This has been designated “dressing” wounds in thick spht-gi afts Open 
wounds on the sole of the foot are subject to lecuiient, and severe and dis- 
abling infections If these lesions can be cained along, at least, m a healed 
condition, there is improvement m the minute ciiculation, and theie also is 
given information as to whether a flap will giow m the area It can be repeated, 
that flaps are not apt to do well wheie free grafts can not grow (Figs i-io) 
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(3) Direct local flaps either shifted laterally, or rotated, with immediate 
graft of the donor site, may give excellent repairs of small lesions, if one can 
meet the elements of caution in the procedure These elements are not inter- 
rupting important sensation, and, of course, being sure of the adequacy of the 
local blood supply for healing, and of the blood supply of the flap itself It is 
extiemely important not to cut the pedicle of the flap for smoothness sake, 
but the opposite should be done, i e , leave the pedicle prominent and clear out 
of position if necessary, and do a secondary smoothing out later (Figs 5 and 6) 

(4) Delayed local flaps, shifted laterally or rotated This is the safest 
foim of flap to use locally and should be raised in at least two stages, making 
the lateral cuts, undermining and carefully closing the flap first, and, at a 
separate stage, cutting across the distal end of the flap and closing it These 
flaps should not be used until there is complete healing, no inflammation and 
no swelling The lesion itself is not excised until the flap is ready for use, 
and for this leason, the primaiy design of the flap is made large enough lor 
the largest possible opening of the defect (Fig 7) 

Cl OSS Leg Flaps m General — In all cross leg flaps sensory nerves and 
pressure points have to be avoided, and, in general, the lower leg is not very 
satisfactory because of lack of tissue in “silent” areas, and because the resultant 
defect of a flap fiom the lower leg may be difficult to repair satisfactoiily 
The ciiculation of the lower leg has vagaries that need to be carefully con- 
sidered An unhealed donor site of a cross leg flap ma)'’ give as much trouble 
as the original lesion 

When a flap is used, the essential reason is to get extra thickness in the 
subcutaneous tissue, but it should be noted whether or not a lower leg has 
the desired type of tissue available 

If a patient has a badly crippled foot or leg and the lepaii is going to be 
only a partial lestoration, then there should be added caution and considera- 
tion before cutting into the one lemainmg good leg, which is going to have 
to do most of the work anyway 

Cross sole of foot flaps are not advocated because of being difficult to 
carry out, of limited usefulness, and because of the possible paitial crippling 
of the donoi foot 

Grafting the donor site of a flap can be done when it is put up if desired 
and this gives a cleanei wound to take care of There will usually be some 
further grafting to do when the flap is detached, however, and the total repair 
of the donor site is sometimes left until the flap has been severed It is 
usually necessaiy to peiform a careful excision of granulation and scar from 
the donor site and cover the defect with a thick split-graft, especially if the 
lowei leg has been used 

Ftxahon of cross leg flaps can nearly always be accomplished with adhe- 
sive and padding and pillows, and with foam-latex or neoprene (synthetic 
lubber) over pressure points Plastei encasements or suppoi ts aie necessaiy 
at times, and may be prefabricated and then joined with more plaster at 

422 



Volume 120 
dumber i 


SURFACE DEFECTS OF FOOT 



423 



BROWN AND CANNON Annais of Surgery 

October 1044 

operation Adjustment of position within plastei is moie difficult than with 
adhesive 

Detaching flaps can usually be undei taken in 16-20 days If the flap is a 
large one, partially detaching it in two 01 thiee stages can be done with more 
safety If much of a flap has to be used to complete a defect, such as going 



Pig 6 — Result of utilizing relatively silent 'irc'i to repair veight 
bearing area The shell fragment wound o\er the ball has been excised, a 
direct flap from the center has been rot ited into position, and the flap donor 
site healed with a thick split graft One operition 

clear around both sides of a heel, it is sometimes advisable to undei take a 
secondary delay piocedure on this pait of the flap while the first part is still 
attached 

(5) Dti ect Cl OSS leg flaps from the opposite thigh or calf can be used for 
many defects, large or small, if a suitable position can be decided on, and 
the patient is capable of accepting the distorted life for the necesbary 16-24 
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Fig 7 — Defect plus sc^^ about malleolus tint would probably not carry either a free graft or a 
distant flap Local delayed, rotated flap used to carry its own blood supply Donor site carefully 
covered with thick split graft Whole area, firmly healed, and with adequate care will give satisfactory 
function First operation Flap raised and undermined Second operation Flap cut across distal end 
Third operation Flap shifted after excision of scar, and donor site grafted 



BROWN AND CANNON 


Annals of Surgery 
October 1944 


days The direct flap can not be used, if the base can not be swung out 
wide enough to insure blood supply or if the lesion can not be gotten close 

enough to the donor area so that a relatively short pedicle can be used 
(Figs 9-10) 

(6) Delayed aoss leg flaps, either flat or tubed, aie the safest kind to use 



Fig 8 — Deep, solid scar around heel, chronic ulcer healed after being “dressed” with a thick 
split graft, as best preparation, for the wound and area to receive flap 

B Tubed flap, repaired in single stage, and defect grafted rather than trying to pull it together, 
or leaving it open 

C Fixation of cross leg position 
D Flap off 

E and F Completed flap, with wide restoration of region 


(As in all plastic procedures when shifting tissue, the division of the work 
into stages is the surest wa)- ) It can be noted that cutting clear around 
three sides of a flap, undermining it, and then resutunng it in its bed is not 
delaying it as far as its blood supply is concerned It should be outlined along 

426 



Aolume liP 
Number 4 


SURFACE DEFECTS OF FOOT 


two sides, undei mined and closed and at a later date, 10-20 days, have the 
distal end cut and resutured and then not used until theie is complete healing 
and noimal softness of the tissues (Fig 8) 

(7) Same leg delayed flaps can be used occasionally, usually tubed rather 
than flat ones, but this entails complete change^of diiection to get to the foot, 
and little is gamed except avoiding the cross leg position, and the possible 
crippling of the opposite leg It is an important consideiation wdien the 
opposite leg IS missing 



_ „ , . Fig 9 — A Extensive loss of sole of foot 

H Split graft applied as ‘dressing” to supply quick healing, but obviously insufficient pad for patient 

to i\alk on 

(8) Distant “tuin-over,” “jump,” oi ‘ catei pillar” flaps from the abdomen 
or flank are of rare necessity, require a long time m completion, and usually 
w'aste a large amount of flap They are occasionally useful if the other leg 
IS missing 

(9) Distant ivnst-borne flaps are utilized by some surgeons, picking up 
an abdominal or flank flap on the wrist and carrying it to the foot This is of 
limited usefulness but ma}^ give an excellent repair if enough time can be 
spared, because there is a ivide lange of selectiveness of tissue in this method 

Tubed flaps need one special mention of application, vis, a large, long 
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tube often had best be attached in a noimal site close to the defect Then 
when detached fioni the donoi site, put in a second noimal site close to the 
other end of the defect so that a soil ot a suitcase handle of good tissue is 
iMug close to the defect — getting its blood supph fiom tuo good souices 
Then uhen the flap is established locall}' it can be opened and completely 
applied to the defect aftei the scai has been widely excised It still gets its 
blood siippl} on both ends and these can be smoothed out A\hen it is fiiinly 
established m its neu bed This is a lathei long A\ay aiound but is highly 
prefeiable to putting a tubed flap diiecth into a fieshly dissected scai bed 
and then flnding it unable to maintain a sufflcient blood supply foi the flap 
A tube flap ma-^ be moie easily applied than a diiect oi dela}ed flap flap, 
because the pedicle can be suung around into difleient positions moie easily 
than a flat pedicle, and this is especial!} tine if complete healing has occuried 
under the tubed flap and at its ends So that if a difflcult position is going to 
be necessaiy in attaching the flap, that will be made easiei if the flap is tubed 
rather than flat, then this method can be followed 

Piessuie dicssnigs postopeiatively aie impoitant foi giafts and flaps 
Flaps aie protected with film adhesive (oi plastei ) fixation to pi event tioubles 
with the pedicle, and then a cotton mechanics waste piessure diessing is put 
over the flap to piovide firm piessuie on the bed of the defect and to pi event 
stagnation of venous blood in the flap This diessing is ai ranged so that 
It easily can be opened and the flap inspected as necessaiy, w’hich should be 
an hour or so after operation and latei in the day Adjustments of the 
pedicle may be made, as desirable, by this attention 

Postopei ative caie of tissue tiansplanted to the foot — whethei fiee giaft 
or flap IS very impoitant One of the w'orst difficulties is keeping the patient 
ofif of the new repair long enough Theoi etically, they should not be on the 
feet until there is complete healing and complete letuin of sensation Con- 
stant effort should be made by the patient to pi event ti auma — oi i ubbing of 
a shoe oi brace, and to avoid extieines of tempeiature Padded or cut-out 
shoes are needed frequently, plus the use of clutches or cane if the lepair 
IS in a weight-bearing ai ea, oi wdiere a shoe may i tib 

A soldier simply can not go back on full duty soon after a large foot 
repair, and to do so usually means fuithei morbidit}'^ aftei the first hike 
Along wuth postoperative care should go a knowledge of the faults of flaps 
and grafts so that they can be guaided against The foiemost is the failure 
to metaplase into noimal foot tissue, and the necessity of continual protection 
in the form of cleanliness, frequent careful observation for blisters and infec- 
tions, and the use of foam-latex oi neopiene pads in the shoes Grafts may 
develop sebaceous collections that should be emptied befoie they enlarge and 
become infected Little bridges of skin may also occur and these should be 
carefully cut aw'ay to pi event infection about them and ulceration Dried 
sebum and crust formation also may lead to ulceration and the frequent use 
of massage and cold cream or lanolin will help keep the areas soft Where 
the thin soft repaii joins the haid keratosic noimal sole, there may be exces- 
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sive keratosis and even annoying wart formation of the repair Prevention 
IS much better than cure, by careful cleansing, attention and the nursing that 
has been mentioned above 

These faults of grafts and distant flaps have led some surgeons to the 
opinion that only sole tissue should be used on the sole — even if a cross sole 
flap has to be used , but the difficultjr is not as great as this concept Certainly, 
in a large series of repairs there would be much more total debility from 
cioss sole flaps than from more distant ones, although it is recognized that 
the cross sole type may be indicated in occasional instances 

Results of repairs of the foot var)’- from poor to practically normal lives 
being led by the patient Diamatic relief from painful lesions may be had 
by simple diiect flaps or even grafts Prolonged debilitation, upward to nine 
years, has been relieved by single procedures, and the essential steps are to 
get the lesion removed, the defect repaiied and healed, and then have the 
patient cooperate in every way to protect the repair from trauma The foot 
and its sole is an aiea of the body to recognize as one of design and benevo- 
lence, that can only be substituted for, once it is lost Most soldiers with 
moderate surface defects of the foot can be returned to limited duty 
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Jerome P Webster, M D 
Nrw York, N Y 

from the DIMSION of PI^\STIC surgery, department or SURGERY, PRESBYTERIAN HOSPITAL 
\ND COLLEGE OF PH\SICI\NS AND SURGEONS COLUMBIA UNIVERSITY, NEW YORK, N Y 

While Baronio,^ in 1804, in his classic expei inients, successfully lemoved 
1 all-thickness skin grafts from sheep and allowed vai}ing periods of time 
up to one hoiii to elapse before leplacement, this knowledge was not utilized 
cUnically until after 1872, when Reverdin,- Olhei,'^ Thiersch,' and Wolfe'’ 
reported clinical success with the free skin giafts beaiing their names 

Girdner,® m 1881, claimed to have been the first to tiansplant skin from 
a cadaver as a homogiaft, although without success The following year 
Brewer" reported success with grafts taken from cadavers and amputated 
limbs up to 36 hours after removal Othei investigators have also used skin 
from these sources 

Wentscher,® in 1903, was the fiist to refiigerate free skin as autografts — 
one for seven days and thiee for 14 da)S, all but one of the last were suc- 
cessful Carrel,^’'® after experimenting with various media for preserving 
refrigerated skin grafts, concluded that vaseline vas the most satisfactory 
In 1911, he suggested to surgeons that refrigerated skin might well be used 
clinically to advantage In 1930, KubanyP^ in his experiments found that 
autografts presented in the individual’s serum, if applied after 12 days from 
date of removal, could live at least eight days after ti ansplantation 

Most of the reports to be found in the literature on the use of refrigerated 
skin grafts are experimental A large proportion of the clinical observations 
reported deals v ith the use of homogenous skin grafts from cadavers or fi om 
amputated limbs which grafts cannot he expected to smvive peimanently, 
only a few autogenous grafts were reported and these were usually re- 
moved from an extremity after amputation The deliberate refrigeration 
of skin removed at elective operations for clinical use later on is rare, with 
only two or three reports made during this century One of these appeared 
only last year when Brown and McDowell,^ in their excellent monograph, 
“Skin Grafting of Burns,” covered this subject by these woids “In one 
case a successful full-thickness graft on the neck had been stored in an 
ice-box for 48 hours , as far as is known, this was the first clinical instance 
of the use of the procedure One can conjecture all sorts of storage plans 
and tissue-culture plans for grafts, to be used in war time, but final success 
has not been attained ” 

PERSONAL EXPERIENCE mXH METHOD 

On September 9, 1932, I first refrigerated skin clinically as a life- 
saving procedure at an operation upon an infant to replace a large pigmented 
hairy nevus of the cheek by a full-thickness graft (Fig i A , Table-Case i) 

*Read before the American Surgical Association, May 3 - 4 , 1944 , Chicago, 111 
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It A\as an excessively hot day and hei condition became so precarious, after 
removal of the skin and closuie of the defect, as to necessitate termination of 
the operation at this point The skin was lefiigeiated and, at a second 
opeiation four da}s later the nevus was excised and the lefrigerated skin 
was applied vithout hazaid and vith good lesult (Fig i B). 

On January 4, 1935, befoie the Section on Suigeiy of the New York 
Academy of Medicine, I repoited nine cases in which I had used this method 
Up to tlie piesent time we have had a total of 23 patients upon whom refrig- 
erated skin grafts have been applied on 36 occasions Four of the giafts were 



Fig I — Case i (Table) Skm refrigerated and operation terminated because of precarious 
condition of patient Skin applied four days later 
A Condition before operation 
B Condition three years after operation 

full-thickness skin and the remaindei spht-thickness All of the grafts 
tiansplanted 't\ere autogenous except five which were homogenous, with 
small expectation of permanent survival (Fig 7) Most of the autografts 
^^ere transplanted after refrigeration of less than 21 days and these were 
largely successful, failures being explained on the basis of infection or other 
unsatisfactory conditions of the beds In four instances autogenous skin 
giafts were applied after periods of refrigeration lasting from 26 days to 
five months and two days (Fig 6) All of these autogiafts, refrigerated 
over three weeks, “melted away” as do homogenous skin grafts Giafts 
have been applied both on clean wounds and on granulations No refrigerated 
skin reported in this series was 1 emoved from cadavers , in one instance 
the source was autogenous avulsed skin from an amputated leg Foui of the 
procedures were purely expeiimental 

technic 

The technic of skin refrigeration is simple It is often advantageous to 
use film-cemented grafts These are obtained by cementing sheets of pliofilm, 
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or other similai film, ovei the diuni of the Padgett dermatome, applying 
rubbei cement to this covering film as well as to the skin, and cutting the 
grafts m the usual vay This technic has been reported from my clinic 
within the past month w it jg not necessary, however, to remove the 
grafts on film 

In either case, the giafts aie folded together (Fig 2), so that the raw 
surfaces ai e in contact, thus pi eventing excessive evaporation The epithelial 
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Fig 2 — Method of preparing graft for refrigeration 
A Fi’m cemented graft 

B, C, D I olding of graft on itself, raw surface to raw surface 
E, F, G Wrapping grafts in a sheet of film 
H, I Wrapping grafts in xeroform or vaselined gauze 
J Packet wrapped in two sterile towels 

covering, especially with the overlying adherent pliofilm, tends to prevent this 
evaporation The folded grafts aie then wrapped m additional film, and this 
packet IS subsequently wrapped m several layers of xeroform or vaseline 
gauze of a fine mesh in order to further seal the grafts to prevent them 
from drying This package is wrapped m two sterile towels and marked 
with the patient’s name and date to identif}'’ it The bundle is refrigerated 
m the ice-box at approximately 4° C , the ordinary refrigerator being satis- 
factory When the grafts aie desired for application, the outer towel is 
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removed and the giafts aie treated and applied m the same manner as 
fresh grafts 

LYOPHIL-IZED SKIN GRAFT 

At this time I vish to make a preliminary repoit of one case in which 
quick-freezing of skin grafts uas used and one of the giafts was lyophihzed 
as well This was the case of a tattooed man (Fig 3, Table-Case 12) wdio 
desired remoAal of his self-made decorations At the first opeiation three 



Fig 3— Case 12 (Table) Skin grafts refrigerated ^7 dajs (a) at 4 ” 
C, (b) quick frozen at 72° C, (c) quick frozen and bopndized 
A Tattoo marks right arm After excision areas grafted with reinger 

skin 


tattoo marks on the left arm were removed (Fig 3 E), as were split- 
thickness skin grafts from the entiie right thigh Some of these grafts 
were applied to the denuded areas on the left arm and the remaining grafts 
w^ere treated in three different Avays One graft w^as placed in Ringer s solu- 
tion and kept at approximately 4° C , another graft, also in Ringer s solution, 
was frozen with carbon dioxide snow and butyl alcohol at —72 C , and 
w^as kept frozen , while the third graft Avas frozen m the same AA'ay , but, 
m addition, AA^as lyophihzed by means of a A'^acuum This caused it to become 
shrunken, hard, and apparently dry 
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Seventeen days later four tattoo marks on the light arm were excised 
(Fig 3 A) and a fresh giaft was also taken fiom the left thigh to be 
used as a control The fiozen and lyophilized grafts were placed in saline 
solution and appeared remaikably healthy All four giafts thus treated were 
divided They weie then distiibuted and sutured in scattered places over 
the four denuded aieas on the aim (Fig 3 B [upper]) 



Fig 3, B — Location of grafts on arm (Above) At operation (Below) Three week' after application 


The fresh contiol graft lesulted in about 98 per cent take There was 
consideiable loss m all the refngeiated grafts (Fig 3 B [lower], C and D) , 
some parts of the graft placed in Ringer’s solution at 4° C and also of that 
frozen at -72° C were largely lost Portions of the divided lyophilized 
graft averaged approximately 80 per cent takes and were definitely better 
than poitions of the other lefngerated grafts There is no question of fact 
that this skin graft, which was frozen at -72“ C and dried by the lyophilizmg 
process, actually survived this tieatment and persisted as living skin, although 
It was a less satisfactory tiansplant than the contiol fresh graft that was 
immediately transplanted Modifications of this technic are now being tried 
to determine if lyophilized skin grafts can be transplanted more successfully 
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and after longer refrigeration Such an attainment would hold valuable 
possibilities 


CASES AND INDICATIONS FOR USE 

There aie several indications foi the use of lefiigeiated skin grafts If 
an excess of skin is left over aftei an opeiation this may be refrigerated 
for future use, should the original giafted skin not be completely successful 



Fig 4 — Case 2 (Table) Operation to Rraft full tlnckness skm to replace pigmented hairy nevus 
of forearm, wrist, and fingers divided into two stage operation as life saving measure Original operation 
terminated when condition became critical after excision of full thickness skin and split skin grafting of 
donor site Skin refrigerated and at second operation, six days later, nevus excised and area grafted 
A Pigmented hairy nevus before excision at age of seven 

B Refrigerated full Unckness skm grafts on forearm and hand applied 12 years previously after 
SIX days of refrigeration 


On another Service at the Presbyterian Hospital, a graft was removed from 
the thigh to be placed on granulations on the eyelid and forehead of a burned 
patient Since more skm was removed than was needed, the excess was 
replaced on the thigh The graft originally transplanted failed to take and 
a further graft had to be removed Had the excess skin been preseived and 
refrigerated, the patient would not have required the second opeiation, thus 
eliminating additional anesthesia and longer hospitalization 

Refrigerated skm may be removed at a minoi operation (Fig 5) 
when It IS known that skin will be needed subsequently and this may be applied 
on granulations without an anesthetic or on clean wounds under anesthesia 
if required 
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In burned patients (Fig- 9) the giafts ina}^ be lemoved and lefngeiated 
at the time that the eschar 01 slough is tut away, especially if the patient’s 
condition does not arrant application of the giafts 111 whole 01 in pait at 
the time of debridement As the gianulations become satisfactory for grafting 
the refrigerated giafts may be applied 

A poition of the skin may he used at the first opeiation and the lemainder 
applied at a later date (Fig 8) The donoi site may by this time be 




1 

I 

^ 

c 

C Donor site on abdomen and chest 12 years later 

completely healed and the patient ambulatory, thus he can leave the hospital 
earlier than if the graft were freshly removed at the time of application 
Avulsed skin fiom a crushed extremity may be removed and refrigerated 
and kept until satisfactory granulations have been produced and the 
threat of gas gangrene or other serious infection has been eliminated 

On certain occasions refrigeration of skin may be a hfe-saving method 
(Figs I and 4), in that it permits dividing a long, hazardous operation into 
two less taxing stages 

SUiVIMARY 

Refrigerated skin grafts are seldom used in surgery today, although the 
technic is simple and its application has widespread uses It is of special 
value in grafting young, debilitated, or extensively burned patients 
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Fig 5 — Case 5 (Tabic) Split sbm graft, removed under anesthesia given chiefly for minor operation, 

applied after refrigeration nine da>s later 

A Recurrent periorbital spread of basal cell epithelioma of lower lid requiring radical excision 
opening into antrum, mouth, nose, frontal sinus and ethmoid cells On removing specimen cerebro- 
spinal fluid issued from hole in dura Temporal muscle swung o\er to plug hole and close openings 
into all but nasal cavity 1 j 1 r 

B Condition following above procedure showing temporal muscle filling defect and fistula ot 
nose exposing septum Under anesthesia sKin excised and refrigerated and fistula closed by double 
flaps 

C Condition when skin refrigerated nine days was applied without anesthesia at ward rounds 




[«T?g| 






Tolumt 

Isumbcr 




Fig 6 — Ca'e 6 (Table) Excess split skin, not applied when pigmented 
ne\us Mas excised and grafted, applied five months and two days later with 
apparent temporary success After ten dajs graft “melted away” like a 
homograft 

n Condition before operation , 

•D Condition three months after excision of nevus Mith grafting of 
split skin Tmo months later at second operation scar of lower lid excised 
and ^ea grafted with skin refrigerated five months and two dajs 

C Condition one \ear after appljmg refrigerated skin Subsequently 
postauricular skin grafts to lids and “island ’ scalp graft to eyebrow im 
proied the condition 
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The source of the giafts may be cadavers, amputated limbs as homografts, 
01 autogiafts, or the usual donoi areas on tiunk or limb of the patient himself 
or of otheis Only autogenous skin grafts may be expected to survive per- 
manently 

The proceduie has been employed 36 times on 23 patients at this clinic 
dui mg the past 12 years All of the giafts lived if the recipient areas were 
suitable and if the grafts were autogenous and were not refngeiated for more 



B c 

Fig 7 — Case 7 (Table) Failure of autograft refrigerated ten weeks and three days and l^ter cf 
two homografts refrigerated si\ weeks and two days and 15 weeks and six dajs, respective!}, which 
“melted away" rapidlv r , j 

A Condition three days after refrigerated" homografts applied Note successful autograft applied 
immediately to medial portion Autograft refrigerated ten weeks and three days had “melted away on 
lateral portion before horaografts applied 

B Condition on fourth postoperative day — one day later than that seen in A 
C Condition on fifth postoperative day — one day later than that seen in B Note the transparent 
pellicle attached only at the periphery 


than three weeks In our expeiience those refrigerated over this period failed 
to survive 

No homograft persisted permanently, although those refrigerated within 
the three-week period survived longer than those preserved beyond this time 
Lyophihzed skin was grafted in one case wnth partial but definite success 
after 17 days of refrigeration This procedure gives promise of being im- 
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C D 

Fig 8 — Case 8 (Table) Full thickness graft removed and part buried under forehead flap for 
future lining of nose Remainder refrigerated for covering forehead flap defect Wound was healed and 
patient was ambulatory before refrigerated skin applied 

A Condition after excision of nose and cheek skin for basal squamous cell epithelioma and 
dermatitis actinica of nose 

B Condition ten days after skin reniored from groin, part placed under forehead pedicle flap and 
part refrigerated 

C Forehead flap brought down to form nose Skin, refrigerated eleven days, sutured to fore 
head defect Condition ten days after operation 

D Condition thiee dajs after division and revision of pedicle flap with partial excision of 
grafted refrigerated skin on forehead for return of pedicle 
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proved and of value With a modified technic it may be possible to graft 
lyophilized skin with even greater success and beyond the three-week period 
of refrigeration 


CONCLUSIONS 

The refrigeration of skin should be more widely used (a) to store excess 
remnants of giafts for possible future use, (b) to delay grafting until suitable 
conditions of the recipient area prevail, and (c) to divide long hazardous 
operations into two or moie less taxing stages 

By this procedure the plan of operations may be facilitated and lives 
may be saved 



E 

Fig 8 —Case 8 (Table) E Donoi site on right groin tM entj one days 
after remo^ al of full thickness skin 

Since this paper went to press Case 23 had film-cemented skin grafts which had 
been refrigerated 35 days placed on granulating areas where grafts refrigerated 21 
days had been lost The 35-day grafts at first were white but subsequently regained their 
vitality and were definitely covered with epithelium from the grafts themselves as the) 
had been placed on granulations with no adjacent epithelium While these grafts were 
applied mainly to stimulate epithelium from the patient’s surrounding skin with no hope 
of survival because the refrigeration time had been over three weeks, this is an instance 
in which successful takes were obtained well over the 21-day limit It is felt, however, 
that the chance of success is far better if the grafts are not refrigerated over three weeks 
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Fig g — Case 21 (Table) 10% second degree and 45% third degree burns of extr^ities, 
back and sides Value of refrigerating skin to be applied when recipient areas suUable for 
grafting Autografts, two drums (64 sq in ) refrigerated seven days Homografts (mother), 
two drums (64 sq in.) applied immediately, two drums after two days’ refrigeration, two 
drums after thirteen days’ refrigeration, five drums (sister) (160 sq in ) applied immedi 
ately [Autografts three-quarters drum (24 sq in ) applied immediately and two thirds drum 
(22 sq in ) applied after four days’ refrigeration 3 All grafts taken on pliofilm 

A Condition two months after bum and triple dye applied at another clinic, twenty days 
after autografts, refrigerated seven days, applied to lower legs (darker squares) , five days after 
homografts (mother) applied immediately on gluteal regions, three days after homografts 
(mother), refrigerated two days, applied on perineum, gluteal folds and lower leg (lighter 
areas) Note eschars on thighs partially coming away 

B Condition of lower leg same daj as A Autografts refrigerated seven days (darker 
squares) twenty days after application, homografts refrigerated two da>s, three days after 
application 

C Condition thirty three days after A and B Fifty three days after autografts refrig 
crated seven days were applied to both lower legs They have now coalesced Fresh 
homografts (mother) thirty eight days after application (at scissors) still strong with epithelial 
outgrmvth at periphery but showing beginnmg dissolution, while grafts removed at same time 
and applied after thirteen days of refrigeration twenty five days ago show more dissolution 
than the fresh homografts from the same source 
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Discussion — Dr John Staigc Davis, Baltimore, Md I have been much interested 
m Doctor Webster’s important and practical paper The idea is generally prevalent 
that skin grafts of all sorts should be applied either immediately or within a comparatively 
short time after being cut, and the question as to whether this was necessary has been 
interesting investigators for many years 

In addition to those investigators mentioned by Doctor Webster, Martin, in 1873, 
carried out a series of experiments on the persistence of vitality of grafts, and he came 
to the conclusion that cold favored the success of the transplantation, that heat caused 
a shorter duration of vitality, and that grafts were best preserved in hermetically sealed 
tubes It should be remembered that these experiments were done before the days of 
asepsis It IS interesting to note also, that the preservation of dried surface skin for sub 
sequent grafting has been tried by Hodgen, in 1S71, and also by Lusk, m 189S, and by 
others Ljungren grafted successfully pieces of skin kept in sterile ascitic fluid from 
two days to three months 

Many of these experiments were carried out with iso- or homografts, and, inasmucU, 
as isografts are only very infrequently permanently successful, even when immediate j 
transferred, these observations must have been made of the apparent early takes an 
not of the ultimate results 
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AIj own interest in the preservation of skin grafts has been of long standing, 
and I have used refrigerated grafts off and on for many years I became convinced 
liy experiments early in my career that not only w'as the immediate application of grafts 
unnecessarj, but that autogenous grafts of all t}'pes could be preserved bj"^ simple methods 
and be successfully transplanted 

It w^as noted m obsenung the grow'th of refrigerated small deep grafts, that while 
the graft wmuld take and the blood supply w^ould become established, it was fully a 
week or e\en longer before any new grow'th of epithelium was observed from the graft 
margins, and this grow'th seemed slow'er than from immediate grafts of similar type 
For practical purposes, it is seldom necessary to preserve grafts for longer than 
three or four w'eeks, as after that lapse of time, the w'ound is usually healed or the 
patient is m suitable condition to permit the cutting of fresh grafts 

Immediate grafts are ahvays to be preferred, but refrigerated autografts have a 
definite field of usefulness, and I have found that they can be used wuth success as long 
as five weeks after being cut 

Should it ever be made possible by special preliminary preparation, by new advance*- 
in blood grouping, or by an}*- other method to use isografts and to obtain consistent 
permanent results, then the refrigeration of grafts will be of great additional importance 
Some surgeons transplant isografts to cover extensive denuded surfaces as a routine 
early treatment, wdien autogenous grafts are not available These grafts which are 
ordinarily obtained from volunteer donors and used immediately, may also be obtained 
from amputated limbs or from fresh, disease-free, cadavers and can easily be preserved 
by refrigeration, and be a useful source of supply when needed At the present time, 
grafts used m this w'ay are only advantageous as an excellent dressing 

The practicability of the preservation of skin grafts has not been generally under- 
stood, and Doctor Webster has clearlj demonstrated the usefulness of the procedure, 
and has also developed a simple technic of skin graft preservation by refrigeration, which 
hereafter should be utilized frequently ' 
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TROM THE DEP \RTMENT OF SURGERY, THE UNIVERSITY OE ROCHESTER SCHOOL OE MEDICINE AND DENTISTRY 
AND THE STRONG MEMORIAL HOSPITAL, ROCHESTER, N Y 

The survival of a free skm giaft depends upon the rapid establishment 
of an adequate circulation During the first 12—24 hours after transplantation 
It is geneially believed that there is an osmotic flow of plasma into the graft 
Goldman^ believed that the giaft receives its first nourishment from this 
influx of leukocytes and lymph which he called “the plasmatic circulation ” 
Davis and Traut,” from their experiments, also concluded that there is a 
stage of plasmatic circulation which probably plays an important role m the 
survival of the tiansplant The length of time this osmotic circulation operates 
IS probably vaiiable but theie is evidence that it is the only means of nutn- 
cioii for probably the fiist 24-48 hours Davis and Traut state that the 
fiist new blood vessels are found 111 skm grafts between 4S-60 hours after 
tiansfer 

The early vascularization of a skm graft may be delayed or prevented 
by numerous factors The giaft may be too thick or of too great area for 
the vascularity of the bed in question A full-thickness skm graft will rarely 
take on a granulating surface Full-thickness grafts when applied to fresh 
surgical wounds have a higher percentage of take when the graft is from a 
thin skin area, such as the groin, inner surface of the upper arm, or eyelid 
It IS also well known that small full-thickness grafts have a higher percentage 
of take than those of large square area since in the smaller graft the peripheral 
circulation established is relatively of more importance In general, the 
thinner and smaller the graft the higher percentage of success ® 

The character of the bed is of great importance in free skin graft survival 
High percentage of take cannot be expected on an avascular, fibrotic bed A 
lower percentage of take is usual on a soft, yielding, irregular surface than 
on a smooth firm bed 

If the thickness of the giaft is not too great for the vascularity of the 
recipient bed, then the mam problem in securing a take is the continuous 
maintenance of absolute contact of graft and bed so that early vascularization 
can take place There are numerous untoward events which can prevent 
this complete continuous contact The graft may slip off the recipient area 
The graft may be lifted off the bed by bleeding Infection may cause purulent 
exudate formation under the graft On irregular surfaces the graft may be 
stretched across depressions, the bed may move unless adequately splinted 

In the past, a high percentage of take has been obtained only by careful 
attention to many details The thickness of the graft was selected for the 
particular area The graft was fixed by suture or dressing so that it could 
not slip off the bed Hemosta sis was absolute The graft was perforated to 

* Read before the American Surgical Association, May 3 ~ 4 > I944> Chicago, III 
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allow serum escape Compression dressings were used to keep the graft 
firmly in contact with all irregularities of the bed Joints were splinted to 
prevent motion of the bed and inlay forms used on parts where splinting 
was not possible This method reqmies patience and time and any method 
\\hich would secure as high a percentage of take and consume less time 
would be desirable Any adjunct to the usual compression-fixation-suture 
technic of free graft application which would appreciably inciease the per- 
centage of take would be welcomed 

An attempt to glue free grafts to the bed by the artificial production of 
fibrin was first reported almost simultaneously by Tidrick and Warner^ and 
by us^ Shortly afteiwaids, Cronkite, Lozner and'Deaver*^ reported the 
same method These leports were all favorable and differed only in their 
concept of the objective and in some lesser details Tidrick and Warner 
used pooled plasma as the source of fibrinogen from which fibrin was formed 
by the addition of beef thiombm solution We used the same method 
Cronkite, Lozner, and Leaver added thrombin solution to a solution of 
fibrinogen from the fractionation of human plasma 

Tidrick and Warner used fibrin fixation mainly as an adjunct to the 
usual compression dressing They did state, however, that in a number of 
cases grafts had been applied, left entirely open, and protected from trauma 
by a wire cradle Cronkite, Lozner and Leaver glued the grafts m place 
and then applied a pressure dressing Both these reports consider graft 
fixation by fibrin as an adjunct to present methods We originally reported 
skin graft fixation by plasma-thrombin adhesion as the sole method of fixa- 
tion without suture, compression dressings, or splinting We have con- 
tinued to study the method on its merits alone In this report we wish to 
summarize our experience to date 

]\tATERIAI.S 

Thrombin was first prepared in 1933 by Mellanby'^ He demonstrated 
some of Its properties and among these noted that the time required to 
coagulate plasma is inversely proportional to the amount of thrombase used 
Whatever the quantity used, practically all of the thrombase disappears as 
fibrin IS formed This is important since Lozner, et al / showed that parenteral 
administration of thrombin is veiy toxic and results m generalized thrombosis 

It IS nontoxic when used m ordinary amounts as a hemostatic agent m 
wounds Seegers,^ and associates, showed that i cc of a i per cent solution 
will clot I cc of blood m two seconds One part of purified dry powdered 
rabbit thrombin to 60,000 parts of a 025 per cent citrated blood results m 
coagulation m three seconds Its use as a hemostatic m wounds has been 
reported without untoward results Thrombin is now prepared m 

quantity by some of the biologic firms for clinical investigation and thrombin 
from these source s was used It is supplied as a sterile powder m rubber- 

* Supplied us for investigational purposes by Parke, Davis & Company and by 
Upjohn Co 
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stoppered ampoules These ampoules contain different amounts of thrombin, 
vaiying with the manufactuier The amount of active thrombin is measured 
in biologic units The most commonly used is the “Iowa” unit This unit 
IS defined as that amount which will clot i cc of standard fibrinogen solution 
m 15 seconds Originally, steiile thrombin powder in ampoules containing 
10,000 Iowa units was supplied by one of the biologic firms (Parke, Davis & 
Co ) for investigation This amount seemed greater than needed in most 
instances and at oui suggestion it is now packaged by this firm in 5,000 unit 
containing ampoules Thioinbm has also been given us for trial by another 
film (Upjohn) in ampoules containing about 600 low'^a units which is more 
nearly the amount needed for skin graft fixation 

The entile 10,000 units of thioinbm can be used by dissolving the contents 
of an ampoule m 10 cc of saline The ampoule is steiihzed by immersion 
111 antiseptic alcohol prior to operation Thrombin solution of this concen- 
tration will clot ten times its volume of human blood m three seconds and 
is a highly effective hemostatic We have found that it is preferable to use 
a w^eakei solution than tins for skin graft fixation since with concentrated 
thrombin, fibrin is formed so quickly that adjustment of the graft has to be 
quite hurried If 250 units of thrombin are dissolved m 10 cc of saline, one 
part of the resulting thrombin solution when added to four parts of plasma 
m a test tube produces a fibrin clot m 35 seconds We have divided under 
sterile conditions the thrombin supplied in ampoules into amounts containing 
250 units of activity At first, we did this by dissolving the 10,000 units and 
then dividing it by volume ° However, this necessitated refrigeration of the 
solution and the potency of the solution decreased with time We have 
found that it is simpler to divide the thrombin by weight and keep a number 
of small sterile vials containing 250 units on hand m the operating room 
Following the packaging of thrombin in smaller amounts we have recently 
been using the entire contents of a 600 unit ampoule dissolved in 10 cc 
sterile saline with satisfactory results 

We have not found it advisable to change our original w^ay of having 
small amounts of plasma available at all times We package 5 cc of plasma 
in pyrex tubes sealed with rubber stoppers These are kept frozen in the 
plasma bank so that a considerable number are always on hand These 
small amounts of plasma are all that are ordinarily required in applying a 
graft of considerable size More can be used if needed The small con- 
tainers prevent waste and reduce cost 

Although only autogenous skin grafts take permanently, it seemed to us 
that since pooled plasma is used parenterally without reaction, that there 
was no necessity of this material being autogenous We have used pooled 
plasma from our bank as the source of fibrinogen and we have seen no reaction 
or adverse effects from its application to wounds 

METHODS 

Any type of free graft may be applied However, for the purposes of 
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this study we have confined ourselves entirely to spht-thickness skin grafts 
to eliminate as far as possible the factor of differing percentages of take of 
var3ang thickness of skin 

If the recipient bed is a fresh suigical wound, hemostasis is caiefully 
earned out In tiaumatic fresh wounds, dead and devitalized tissue is 
lemoved and the accepted pimciples of wound care followed If the site 
to be giafted is a gianulatmg aiea, it is piepaied by fiequent change of moist 
saline dressings If infection is maiked, azochloramid, Dakin’s solution or 
sulfafilm IS used locally m prepaimg the aiea The granulations are cut oi 
scraped down to a firm base at opeiation piioi to applying the grafts 

The giafts aie cut either free hand or with the deimatome The bed to 
receive the giaft is flushed with stock plasma Excess is avoided since the 
fluid portion remains after fibrin is formed The giafts aie not placed in 
saline or -washed following then lemo-'^al since this removes the small amount 
of natuial adhesive agents piesent (It has been noted befoie that giafts 
seem to adheie and take bettei if this detail is followed 

The Lindei surface of the giaft is wet with thrombin solution The graft 
IS quickly spread ovei the bed and then held fiimly and smoothly in place 
for two minutes This is an important detail since fibrin fixation takes some 
seconds to occur and following its foimation the fluid remaining is extiuded 
The graft will ordinal ily be secuiely stuck in two minutes In this senes no 
dressings have been applied to secuie compression In some instances a 
protective dressing has been used Joints have at times been splinted and m 
other instances extremities merely suspended m a ciadle 

BESULTS 

We have performed 22 separate free spht-thickness skin giafts using fibrin 
fixation, without pressure diessmgs 01 sutuie In some instances splinting 
has been used because the age ot the patient was such that cooperation could 
not be obtained, or as a means to pi otect the wound from the bed clothes On 
extremities where the part could be suspended no dressing whatever has 
been used On other parts meiely a loose di> gauze for protection has been 
applied The amount of skin transfeired at one operation has varied from 
four square inches to 200 square inches The majoiity of cases were wounds 
of considerable dimension usually exceeding 30 square inches 

We have divided these cases into two groups for the puipose of study 
(i) Those in which the recipient bed was fresh, and (2) grafts placed on 
granulating surfaces This division has been made since the peicentage of 
take normally expected on fresh wounds is higher than on gianulation tissue 
We have grafted 12 cases of the primarj'- graft type Of these, eight 
cases have been fiee giafts placed on fresh surgical beds as, for example, 
a skin graft following radical mastectomy There was no loss in this gioup 
In each case the graft took 100% The four remaining cases in which the 
bed was fiesh were traumatic contaminated wounds In these the percentage 
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Fig 1 — A Split thickness grafts applied to fresh surgical wound resulting from 
excision of sarcoma The surface was quite irregular The cord like structure in the 
lower portion of field is the perineal nerve which was dissected out and stuck back to 
the tissues with plasma thrombin The illustration shows mottled appearance of graft 
48 hours after operation 

B One week later the grafts are fairly normal uniform color A few mottled areas 
still remain There has been a spotty small loss of about 5 per cent 

C One month after application of grafts Completely healed Skin normal 
appearance 
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Fig 2 — Immediate application of split graft to avulsion injury after cleansing 
and debridement This view taken on third postoperative day shows uniform pinkness 
of graft 

B The result four weeks later There was about a 20 per cent loss due to hema 
toma formation under graft 
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of take ^^as 48% The figure was loweied by the graft being totally lost m 
one instance 

In the ten gianulatmg iiounds a 59% average take i\as estimated In two 
instances a graft was lost completely 

Comment — It is possible that we have been too harsh in the criteria 
set-up foi studying the efficiency of this method of skin graft fixation We 
have used no sutures to hold the graft m place, no compressive dressing to 
prevent fluid accumulations under the graft splints have been used in only 



A B 

Fig 4 — A Appearance of grafts applied to contaminated burn wound on third post 
operative dav The mottled areas are pmK The major portion is ivory yellow and 
bullous 

B There was a 95 per cent loss of the graft Loss due to hemolytic streptococcus 
infection and probably to mo\ement at the elbow 

a few instances, nor have we perforated the grafts in all instances to allow 
escape of fluid accumulation However, in older to judge the value of the 
method this seemed necessary 

An opportunity was afforded for observing the progress of the grafts 
since they were constantly open to inspection If the graft is taking, the 
first color changes are obsened in about 48 hours (Fig lA) It may turn 
a uniform pink at this time indicating a complete take or become a mottled 
cyanotic color in which case the color may progress to a uniform purphsh- 
pmk followed by the pmkness of complete vascularization or areas which 
are lost may remain a faint leraon-jellow (Fig iB ) In all instances it 
has been evident that the loss of giaft has been due to the accumulation of 
fluid under it Large bullous areas form which when opened are found in 
most instances to contain purulent fluid In some of these bullae a gelatinous 
clot of fibrin is found In the few instances ivhere perforations were made 
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m the graft, bullae have also formed due to the fact that the perforations 
are immediately sealed by the fibiin (Fig 4B) 

On fresh suigical beds the percentage of take of free skin grafts is 
ordinarily high and fixation by plasma-thrombin adhesion seems to afford 
an easy method of obtaining the usual high percentage of take 

However, it is our definite impression that the loss of grafts is consider- 
ably greatei on infected wounds when applied by this method than when 
compression dressings aie used This applies to contaminated fresh wounds 
as well as to granulating beds It is piobable that infection is sealed under 
the graft, diainage is pool and the lesult is a purulent collection under the 
graft which pi events vasculai ization 

It has also been evident that the gieatest loss is at points of movement 
(Fig iC) The fixation of the giaft is firm and of considerable strength 
within a few moments of application The fibrin stiands, how^ever, do not 
have great stiength and can be rathei easily broken by movement This 
could be prevented by splinting 

Small size thin grafts, as w'e have pievioiisly mentioned, have a higher 
expectancy of take than laige thick sheets It has been particularly noted 
that large sheets of 010" to 012" thickness have a low percentage of take 
when applied on granulating sui faces by this method 

Tidrick and AVainei repoiled a percentage lake of 78% wdien using 
postage-size spht-thickness giafts on granulating areas This is higher than 
we have noted and is probably due to the smaller size of the graft since w^e 
have used large sheet grafts foi the most pait This is fuither substantiated 
by the fact that they obtained 73^ take wuth pinch giafts, for the most pait 
applied on less favorable beds 

It would seem to us that the efficacy of the method can not be judged at 
all when the grafts aie first fixed b)>' fibrin and a compression dressing then 
applied It IS probable that the mere application of the dressing w'ould 
produce as high a percentage of take alone It ma)^ how^ever, provide a 
convenient quick means of holding the grafts in place while the dressing is 
applied 

SUIUMART 

The suivival of free skin graft depends upon early vascularization In 
order for this to occur the transplant must be held in complete continuous 
contact with the surface on wdiich it is applied 

Fixation of spIit-thickness grafts on either fresh surgical wounds or 
gianulating beds can be accomplished by the precipitation of fibrin between 
the graft and the bed by adding thrombin to plasma The rate of fibrin 
formation can be adjusted to any speed desired by increasing or decreasing 
the concentration of the thiombm solution 

The percentage of take has been studied wffien split-thickness grafts were 
fixed on fresh and granulating beds bj'’ plasma-thrombin adhesion without 
suture, compression dressing or splinting 
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The high, normally expected, take on fresh surgical beds is obtained On 
granulating beds the peicentage take is lower than normally expected Large 
spht-thickness sheets take pooily on gianulating beds when fibrin fixation 
IS used Smaller thin grafts have about the average expectancy of take 

We believe that the method is useful in ( i ) application of grafts on fresh 
surgical beds, (2) as a method of holding grafts m position while compres- 
sion dressings are applied, and (3) as a means of applying small grafts, 
such as pinch grafts, where compression dressings are ordinarily not used 
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Dr John Staige Davis, Baltimore, Md Before opening the discussion of Doctor 
Young’s very interesting paper, I should like to say that my own personal experience 
with accelerated fibrin fixation of skin grafts has been very limited 

It has been known for a long time, that shortly after a skin graft is pressed down 
so that it is m close contact with its new bed, a fibrin network is formed, which seals 
the graft in place and later by contraction pulls the two raw surfaces into closer 
approximation If this does not happen, the graft will fail Within the last year, a 
method of accelerating the formation of this fibrin network for the purpose of quickly 
fixing the graft to its bed has been developed by Doctor Young, and others 

As Doctor Young has stressed, the most important single element m the success 
of skin grafts is accurate, complete contact and continuous fixation of graft to bed, so 
that the blood supply can enter the graft as soon as possible without interference 
This, he has accomplished bj’’ the precipitation of fibrin betiveen the graft and its bed 
by adding thrombin to plasma, thus hastening the formation of the fibrin network 
and rapidly fixing the graft 

Possibly the fibrin network thus formed affords better nourishment for the graft, 
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and possibly the vascularization is quicker following the fixation of a graft with the 
thrombin-plasma mixture, but it must be borne in mind that the healing of skin 
grafts and other wounds takes place by a regular process, and that nature, unless 
hindered, moves with a fairly even speed, whatever help she may be given 

Ordinarily skin grafts which are applied either with or without sutures and are 
immobilized ^\lth supporting dressings are seldom observed during the first 48 hours, but 
when they are observed, if the giafts have adhered and are going to take, they will 
usually have assumed a purphsh-pink color, which is little if any different from the 
color, at the same period of time, of grafts which have been fixed, by the accelerated 
fibrin method 

It would be an interest ng study to check by injection experiments the speed of 
development of the blood supplj' to grafts fixed with thrombin-plasma as compared with 
Its development in similar grafts, which have been applied accurately and immobilized with 
suitable sutures and dressings 

It was not so long ago that sutures were not used at all in securing grafts of any 
t3'pe, but the grafts were carefullv applied to the wound prepared for them and were 
pressed down so that every portion of the graft was in close contact with the fresh or 
granulating suiface on which it was put and was so held until the normal fibrin 
adhesion took place A dressing supporting the graft was carefully applied, and the part 
was immobilized to supplj’’ phj’-siologic rest until the blood supplj' was assured Then the 
use of a few marginal sutures was started, then many sutures in the margins and through 
the base, and now the swing is back to no sutures at all but with the addition of a 
fixing material 

One of the most amazing thing« about the use of the thrombin-plasma fixation process 
IS that the adhesion between graft and bed holds so closely and firmly that, even after 
a few minutes, there is said to be no necessity of supporting dressings of any kind 
even on lips and extremities, and that when dressings are used, it is principally for 
protection of the graft rather than for immobilizing purposes 

Even at the risk of sacrificing a little speed in application, which is one of the 
advantages of the fixation method, my own feeling is that although the fixation method 
is used, it would be safer to supplement the security of the graft with some strategically 
placed sutures, and the whole be immobilized with a carefully applied supporting dressing, 
and that is what I have been doing 

As I have said before, my experience with the controlled fibrin fixation method is 
very limited, and my results, and those of otheis whom I have happened to observe, 
have not been as startlingly good or the method as simple as is indicated by Doctor 
Young, and other investigatoi s This is probablj’’ due to faulty technic, and I have no 
doubt that with more experience, the procedure will be a useful one in our hands 

The fixation method should be particul irlj^ helpful in applying either large or small 
grafts to uneven areas in which it is difficult to use sutures or to apply satisfactory im- 
mobilizing dressings 

There is considerable difference of opinion as to the great advantage of the thrombin- 
plasma fixation method over the older methods I feel however, that new methods of 
improving the technic of skin giafting, or any other surgical procedure, should be 
welcomed and tested out in suitable cases Possibly too much has been claimed for the 
fixation method and results equallv as good can be obtained by procedures which have 
long been emploved, if these methods are used properly It has been mj’’ observation 
over many years, that skin grafting, although a fairly simple process in the hands of 
those who know how and when to use it, is more consistently bungled than almost any 
other surgical proced* re It is to be hoped that the thrombin-plasma method will make 
for better general results 

In closing, I should like to congratulate Doctor Young on his excellent paper In 
It, he has simplified the thrombin-plasma method of fixing skin grafts, and has 
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presented his subject very clearly There is unquestionably a wide field of usefulness in 
the procedure, and I expect to use it in suitable cases with a great deal of satisfaction 
I wonder whether the method cannot be simplified even to a greater degree? 

Dr Hilger P Jenkins, Chicago, 111 There is just one point about the use of 
plasma m this fibrin fixation procedure which I would like to mention The fibrinogen 
content of plasma which has been stored at room temperature for some period of time 
may be sufficiently lowered so that one may fail to get this excellent fibrin fixation which 
Doctor Young describes The results obtained with plasma undei such circumstances may 
not be satisfactory, and to overcome this difficulty I would advise the use of fresh plasma 
to obtain the best results > 

James Barrett Brown, Lt Col, MC, AUS We are now m the midst of a 
very great amount of necessary skin grafting and anything that will make it easier 
will be gratefully received 

It IS interesting tliat this idea has been derived from observations m the use 
of tissue culture, and it seems evident that tissue culture investigations may produce 
many more things of importance in clinical surgery 

As a matter of control we have used several different methods and materials in 
the fixation of skin grafts, chick-embryo extract, chicken plasma, a chemical com- 
pany’s product for coagulation , plain heat applied to the graft and the area , autogenous 
and homogenous cell extract and plasma, and just atmospheric pressure applied 
to the graft 

Capt Cannon and I wanted to know if the wounds themselves might not supply the 
elements necessary for sufficient fixation for these grafts Slide shown with six different 
metliods, mcluding two depending on the wound content itself, with results the same in 
all grafts All took and survived 

Another slide was shown with nine different control methods used The best 
method of fixation was not established, but it was thought that thrombin would perhaps 
prove best and easiest 

Whenever a plastic surgeon can get out of sewing a graft m place, he usually does 
so, and has done so for many years Now, in the Service, with difficult types of wounds 
and the extensive areas that have to be covered on extremities, we have carried on, 
with what we have always done, and have called it "snubbing” grafts m place 

We take the grafts off, put them where we want them, and then use fine-mesh roller 
gauze around them to hold them where they belong It seems that drying the surface 
of either the wound or the graft, or both, with an electric blower helps m the fixation 
The roller gauze can be either wet or greased according to the type of dressing desired 

Slide shown of huge open wound of lower leg with bones and joint exposed, full 
of all types of organisms, impossible to get clean This leg was grafted to close the 
wounds, so that further definitive work on the bones could be carried out Large 
pieces of graft (i8 in x 3 in ) were spread over the area and snubbed m place 
without sutures 

Slide shown of a nurse who had all the skin burned off the right forearm and hand 
This patient did not respond well to anything, and we were left with the problem of 
closing her wounds with skin grafts to get her healed Her entire arm and hand was 
covered with thick split-grafts, snubbed in place with fine-mesh gauze and cotton 
mechanics waste pressure dressing Slide shown of donor site on back completely healed 

This IS the type of patient that definitely requires a dressing, and it is possible 
that pressure has something to do with antisepsis in these wounds that have been open 
for a long time 

A phosphorus burn of the face was shown as another type of wound that would 
not respond to the local fixation of graft In this patient the scar was dense tissue, 
about 2 cm thick, with tremendous hemorrhage coming out of the entire area We 
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elected to put on both eyelids in one operation because of the extensive amount of work 
that had to be done We feel that fixation with fibrin or heat would be advantageous, 
but we could not risk letting this patient move around or move his eyes In this 
instance the dressing itself maintains the size and position of defect by stay-sutures from 
side to side, anchored over a form of cotton mechanics waste accurately fitted into 
tlie defect 

One of the advocates of the coagulum fixation of grafts suggested stringing the 
patient out to the four corners of the bed for five days This method could never be 
used in an Army hospital, and few patients would like to be tied to a bed instead of 
having a dressing in place 

Another type of patient that is important is the one with severe inanition that requires 
extensive grafting Slide shown of a patient who had lost over loo pounds He had 
open areas over the sacrum in two areas, both heels and one elbow were exposed It 
was thought that one important reason this patient would recover was because of 
pressure dressings applied over split-grafts which had been snubbed in place Slide 
was shown of dressings at time of first change with widespread B pyocyaneiis present 
This IS known not to be a bad infection for a wound, but is a bad one for a skin graft 

Slide showed that B pycocyancus was everywhere on the dressing except where 
the graft was and it was felt that tlie use of the pressure dressing made the growth 
of tins graft possible There was practically loo per cent growth of the skin graft 
in this heavily contaminated field 

Grafts do not necessarily have to be sewed on, they may be snubbed in place with 
bandages, or they may be fixed in certain wounds with any of several different methods 
On an active service, with multiple problems and different types of bases to graft, it is 
not thought that pressure dressings will be replaced 
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Surgical mortality may result fiom the failuie of surgical methods 
to accomplish their designated purposes or fiom one of a number of non- 
surgical conditions which beset the surgical patient duiiiig his convalescence, 
such as postoperative bronchopneumonia, or uiinary tract infections 

The benefits of sulfonamide therap}^ have not been evaluated as fully m 
this group of disorders as m the management of the piimary surgical infections 
such as cellulitis, and peritonitis 

The importance of reducing the dangei of these conditions lies not only 
in the lowering of the mortality among the patients now opeiated upon 
but also in making possible some extension of the indications for needed 
surgical procedures especially m the older-age groups 

Chemotherapy may also result in certain shifts of emphasis m technic 
In order to obtain a more quantitative conception of the influence of 
the sulfonamides we have leviewed the postopeiative complications on 
Surgical Service B at the Hospital of the University of Pennsylvania for 
a period of three years piior to the time that the first of the sulfonamides 
became available to us and for a period of foui years after most of these 
drugs had come into general use The first period extended from July i, 1933, 
to July I, 1936, and the second fiom July i, 1939, to July i, 1943 

It was not anticipated that the incidence of these complications would 
be lowered because the drugs weie, in general, used therapeutically and not 
prophylactically On the contrary, as we came to have better control over 
some complications a greater number of poor risks were accepted so that 
the incidence of some of the complications has risen 

The pulmonaiy complications are presented in Table I The most 
striking change is in the mortality of bi onchopneumonia which declined from 
69 per cent to 9 per cent without a very marked change m incidence 
The other complications had not carried much mortality previously, so 
that little improvement could be expected Pulmonary embolism being a 
vascular rather than a respiratory complication has not been included 

The wound complications, except for disruption, were seldom a cause 
of mortality The mortality after disruption in the past has generally been 

* Read by title before the American Surgical Association, May 3 - 4 , 1944 , Chicago, 111 
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h]gh An extensive review of the subject by Sokolov^ gives a figure of 32 
pel cent for moitahty Eliason and McLaughlin^ reported 25 per cent 
from this hospital in 1934 If is of interest that only one of the disruptions 
of abdominal wounds m the sulfonamide period died 

The other complications have been divided among infections of the 
urinary tiact, the salivary glands, tin ombophlebitis and miscellaneous infec- 
tions In general, little moi tality resulted in the first period from the urinary 
tract complications but they were often extremely prolonged and refractor}' 
to treatment before the sulfonamides were available At present they seldom 
fail to respond promptly to chemotherapy and although they may recur they 
no longer constitute the problem which they did formerly 

T\dlc I 

POSTOPERATIVE RESPIRATORT COMPLICATIONS 
Service B — Hospital of the Unncrsiti of Pennsylvania 









Bronchitis and 




Broncho- 

Lobar 

Pleural 

Upper Respiratory 

Year 

Atelectasis 

pneumonia* 

Pneumonia 

Effusion 

Tract Infection 


Lived 

Died 

Lived 

Died 

Lived Died 

Lived Died 

Lived 

Died 

1933-34 

1 


1 

4 



4 


1934-35 



2 



1 

4 

1 

1935-36 

1 


1 

5 



8 


1933-36 Totals 

2 


4 

9 


1 

16 

1 

1939-40 



2 

1 


2 

3 


1940-41 

4 


2 


1 

1 

6 


1941-42 

3 


6 


1 


3 


1942-43 

4 

1 

9 

1 


1 



1939-43 Totals 

11 

1 

19 

2 

1 1 

4 

12 



* Bronchopneumonia mortality 

(1933-39) Before sulfonamides were available — 13 cases with 9 deaths — 69 per cent 
(1939-43) After sulfonamides were available — 21 cases with 2 deaths — 9 per cent 


Parotitis and similar infections m the other salivary glands were associated 
with a fairly high mortality in the past though experience in the cases reviewed 
IS too limited to be of much interest statistically However, we have gained 
considerable confidence in dealing with this complication and although some 
of the cases come to external drainage the danger of septicemia is probably 
reduced It is hoped that penicillin will prove much more effective in this 
condition than have the sulfonamides Some of these cases have been 
treated successfully by the roentgenotherapy department of this hospital 

The causes of thrombophlebitis are still rather obscure and as most of 
the mortality resulting from it is due to embolism it is not likely to be 
reduced by the sulfonamides Actually, the incidence of thrombophlebitis 
has increased sharply, being over four times as high in the second group as m 
the first It IS not clear from the available statistics whether this is related 
in any way to the use of sulfonamides or to other factors, such as more 
frequent recognition The examination of patients for Homan’s sign only 
became routine during recent years 
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In the miscellaneous gioup of postopei ative complications of an infectious 
nature, the moitahty has lemamed about 25 per cent Otitis media and 
mastoiditis, which foimeily occuned fiom time to tune among children 
who uere m the hospital for other opeiations, is no longer the problem 
that it used to be No instance of mastoid involvement has been recorded 
m the sulfonamide peiiod 

It must be admitted that the fiee use of the sulfonamide drugs has intro- 
duced a new senes of complications — the vaiious drug reactions Such 
leactions have been recorded 17 times in the four-year period reviewed, an 
incidence of o 34 per cent of all cases on the service None of these reactions 
resulted m death The most common reactions weie fever, which occurred 
eight times, and icterus, ■\\hich occuned eight times All of the patients 
developing icteius had received sulfanilamide In none of the cases that 
received sulfadiazine alone was it recorded Skin reactions were noted only 
twice, and agranulocytosis and severe anemias were not encountered Cyan- 
osis, and mild to moderate anemia, following sulfanilamide occurred fre- 
quently and weie not lecoided as complications They have occurred seldom 
if at all 111 cases treated with sulfadiazine No instances of urinary shut 
down vere encountered, but a caieful control of urine output, microscopic 
hematuria and sulfadiazine blood levels were necessary to avoid this com- 
plication 

Discussion — A decided decrease in the mortality of patients with post- 
operative complications results not only in a saving of the lives of a certain 
number of persons undergoing essential operations but it also permits the 
benefits of surgeiy to be extended to certain patients presenting slightly 
less urgent indications In the past, such patients have frequently been 
advised against operation for conditions which seriously interfere with their 
happiness A concrete example of this is the elderly man with a hernia 
which cannot be satisfactorily supported by a truss The major reason for 
refusing operation in certain of these patients has been the danger of fatal 
postoperative pulmonary complications On account of this danger a number 
of such patients have had to live 111 a condition in which they were unable 
to do many of the things they enjoyed, sometimes with considerable dis- 
comfort 

It will be chiefly in geriatrics and to a less extent in pediatrics, and in 
the very sick, that the influence of sulfonamides m reducing the contraindica- 
tions for surgery will be felt 

Just as the selection of patients for operation is influenced by the 
possibilities of controlling infectious complications, so the choice of procedure 
in the operating room is affected ^ For instance, in our clinic gastro-intestinal 
anastomoses were formerly earned out with the aid of a three-bladed Eastman 
clamp In recent years we have done moie and more of these operations 
ithout the use of clamps at the site of anastomosis There is more danger 
of contamination by this method, but hemostasis is more secure and the 
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tempo! ary ischemia of the tissue adjacent to the anastomosis is avoided 
With the sulfonamides one has greater confidence that infection can be 
controlled if it should arise, and so it seems preferable to give up the clamp 
and avail one’s self of the advantage of the open method 

In non-opeiative piocedures, too, one finds the sulfonamides are having 
their influence Foimerly, patients were often subjected to considerable pain 
and hardship in an effort to avoid catheterization Now if they do not respond 
to the usual methods of stimulating micturition we have less hesitancy in 
cathetenzing them Furthermore, if catheterization must be performed three 
or four times, the catheter is usually left indwelling An earlier routine of 
daily irrigations of the bladder in those cases where indwelling catheters 
are used, no longer seems necessary and the time and inconvenience which this 
change saves is considerable Small doses of sulfonamides by mouth seem 
to control infection better than the older irrigating solutions 

There is a grave danger that a false sense of security will be gained 
from reliance on chemotherapy and that the sulfonamides will be used to 
cover slipshod technic There should be no more serious error There are 
many pathogenic bacteria which are not susceptible to the action of any of 
the sulfonamides and the aim must always be to reduce the hazards of 
surgery as far as it is possible to do so by all means and not merely to main- 
tain a reasonably low mortality with a minimum of effort 

In nearly every choice of piocedure, however, there are several desirable 
objectives not all of which can be obtained in equal degree Therefore, if 
an old technic sacrifices safety from hemorrhage for the sake of safety from 
peritonitis, a new agent which greatly reduces the danger from the infectious 
process quite logically leads one to the adoption of a new technic which pro- 
vides greater safety from hemorrhage even though it may permit slightly more 
contamination There will be many technics preferred in the past, which 
may no longer be best when considered in conjunction with chemotherapy 
Considerable time will of course be lequired to test the changes 

Preliminary experience with penicillin makes it seem probable that this 
and perhaps other chemotherapeutic agents will permit still further advances 

CONCLUSIONS 

The mortality of the postoperative complications of an infectious nature 
occurring on a general surgical service has been studied and a comparison 
made of the experience during the three years prior to the introduction of 
the sulfonamides with the experience during the four years following their 
general acceptance 

The most important advance occurred in the treatment of postoperative 
bronchopneumonia, the gross mortality dropping from 69 per cent to 
9 per cent. 

It IS pointed out that better control of postoperative complications not 
only permits some saving of life but also permits a broader selection of 
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patients, especially m the oldei-age groups, for certain operations which 
are definitely indicated but in which in the past the contraindications have 
slightly outweighed the indications 
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CHRONIC CONSTRICTIVE PERICARDITIS 
PARTIAL PERICARDIECTOMY AND EPICARDIOLYSIS 
IN TWENTY-POUR CASES'^ 

Stuart W Harrington, M D 
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RoCIIESrER, Minu 

Chronic constrictive pericarditis is the term most generally accepted 
to designate an inflammatory lesion of the peiicardiuni and epicardium in 
which fibrous adhesions often associated wnth deposits of calcium and 
occasionally pockets of encapsulated fluid form on and betw^eeh these coverings 
of the heait and m winch the inflammatory scai contracts around and onto 
the heait muscle to such a degree that it intei feres with the noimal diastolic 
and systolic functions of the heait and causes impaiiment of circulation 

The ciiculatory failuie pioduced by this condition develops slowly and 
insidiously It is due piimanly to progiessive mechanical interference with 
the action of the heart and not to intiinsic caidiac disease, except in cases of 
long standing in which some associated myocardial atrophy and degeneration 
lesult from the constiiction The pi unary caidiac fault in this condition is 
physiologic due to the fact that the dense inflammatoi}’^ scar encasing the heart 
muscle prevents the heart from attaining its noimal diastolic volume and 
thereby causes increased intiaventiiculai tension which results in an inflow 
stasis 

It IS generally accepted that ventiiculai output is pioportional to diastolic 
filling In constrictive peiicarditis diastolic filling is less than normal and 
decreased stroke volume and minute output of the heart i esult It is probable 
that other factors may conti ibute to the decreased ventricular output to a less 
but significant degree One of these factors may be interfeience with the 
systolic contraction of the ventucle This interference is attributable not 
only to fixation of the scar to the myocardium but also to a progressing degree 
of myocardial atroph}^ and degeneration from the limited action as well as 
from the original infectious piocess 

The primary infectious process which causes constiictive pericarditis may 
not be and often is not associated w'lth acute symptoms which indicate that 
the pericardium has been involved A considerable inteival may intervene 
between the time of recovery of the patient from the primary acute infectious 
disease which may have been some pulmonary infection and the occurrence 
of symptoms indicating that the pericardium has been involved in the infection 

ETIOLOGY 

The etiology of this condition is of considerable interest and importance 
and there is some difference of opinion concerning the type of infecting 

* Read before the American Surgical Association, May 3-4, I944> Chicago, 111 
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organism Every eftoit was made to deteimine the causative agent m the 
series of 24 cases on which this paper is based The clinical history of 
previous infectious diseases and present clinical examinations were con- 
sidered carefully for etiologic factois and also micioscopic examinations 
and cultures ^^ele made of the tissue removed at opeiation in all cases 
Ihis study definitely proved that the etiologic agent in five cases (21 per 
cent) was tuberculosis This type of infection, theiefoie, should always be 
considered as a possible cause of the disease 

In 19 (79 per cent) of the cases the type of primaiy infection ^^as unknown 
Eight of these 19 patients gave a histoiy of one 01 more previous attacks 
of some pulmonary infection, such as pneumonia 01 influenza One gave a 
history of mumps two weeks pieceding the onset of symptoms and one, a 
histoiy of scarlet fevei seven yeais prior to examination at the Mayo 
Clinic Kme did not give a history of any infectious piocess to which the 
condition could be attributed Of the patients who gave a histoiy of 
previous infectious piocess, only one presented any indication that the 
pericardium had been involved at the time of the infection This patient 
gave a history of pneumonia at the onset of his illness during which peri- 
cardial paracentesis rvas done, with negative findings 

I do not believe it possible, or advisable, to attempt to diaw any definite 
conclusions as to the cause of the disease from this relatively small group 
of cases but it is of interest to note that 111 only one of the cases w^as there 
a previous histoiy of rheumatic fever and in this instance the pathologic 
study of the tissue removed at operation levealed that tubeiculosis was the 
etiologic agent 

Those cases in which the etiologic factor cannot be detei mined are of 
particular clinical importance as there is a greater possibility of erroi in 
diagnosis when the etiology is obscuie 

CLINICAL FEATURES AND DIAGNOSIS 

The two most common conditions with which constrictive pericarditis is 
most likely to be confused clinically, are cirrhosis of the liver and congestive 
heart failure owing to intrinsic cardiac disease In most instances, how'ever, 
the subjective symptoms of constiictive pericarditis aie sufficiently charac- 
teristic that, when they are correlated with the physical and laboratory findings, 
a definite diagnosis can be established 

Development of factors which produce the clinical syndrome of con- 
stiictive pericarditis is slow but progressive The amount of blood entering 
the heart and being pumped into the ciiculation by the heart per beat and 
per minute gradually decreases This decrease results m low^ blood and 
pulse pressure, faint heart sounds, tachycardia, paradoxical pulse and auricular 
fibrillation The back pressuie on the venous circulation results m high 
venous pressui e dilatation of veins, enlargement of the liver and transudation 
of fluid into the tissues of the body, particularly into the abdomen and pleural 
c.ivitips, as w^ell as into the tissues of the extremities and face 
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The number and seventy of subjective symptoms increase progressively 
with the course of the disease , the earliest symptoms are general weakness and 
fatigue Dyspnea is noted on exertion and usually is relieved by rest, par- 
ticularly by lying down Orthopnea is experienced rarely Digestive dis- 
tuibances, such as anorexia, epigastnc distress and fullness in the abdomen 
after meals, usually are not noticed until after the liver is enlarged con- 
siderably and probably can be attributed to hepatic damage, for these symp- 
toms seem to be more seveie in cases in which the tests of hepatic function 
reveal a considerable degree of letention of dye Swelling of the abdomen 
does not occur eaily in the course of the disease, however, it may be one 
of the first symptoms noticed by the patient When ascites develops, it usually 
becomes pi ogressively more extensive Edema of the extremities which may 
extend to the face and neck usually does not occur until after ascites has been 
present for some time When venous congestion has advanced to this degree, 
the entire venous system usually is dilated markedly This dilatation is 
particularly noticeable in the veins of the cervical region The effects of this 
condition cause increasing disability which gradually becomes total disability 
unless surgical relief is obtained 

The laboratory findings in chronic constrictive pericarditis give valuable 
aid in establishing a definite diagnosis The venous pressure is elevated above 
normal The circulation time of the blood is increased The tests of hepatic 
function indicate a varying degiee of hepatic damage which depends to some 
extent on the duration of the disease In the series of 24 cases reported in 
this papei, bromsulfalein tests of hepatic function revealed some degree of 
retention of dye in all cases In two cases retention of dye was Grade i 
(on a grading basis of i to 4), in 17, Grade 2, in four. Grade 3, and in one 
case Grade 4 

Roentgenologic studies of the heart m cases of constrictive pericarditis 
usually reveal it to be normal or smaller than normal, occasionally slightly 
enlarged but never markedly enlarged oi segmentally dilated as m congestive 
heart failure from intrinsic cardiac disease and hypertensive heart disease 
The piesence of calcareous plaques in the pericardium is noted frequently 
This IS always suggestive of the possibility of a constricting pericardium but 
calcium does occur in the pericardium without other findings of constrictive 
pericarditis I have had under observation two patients who have calcification 
of the pericardium, for one and two years, respectively The venous pressure 
and circulation time of the blood in these two cases were normal In the usual 
case of constrictive pericarditis roentgenoscopic examination reveals diminu- 
tion of cardiac pulsations 

The electrocardiographic findings, although not pathognomonic, are sug- 
gestive In a previous paper published in 1940, Barnes and D made the fol- 
lowing statement on electrocardiographic findings “The electrocardiographic 
pattern which is most diagnostic is one in which the QRS complexes are 
ot low voltage (below 5 Mm ) and T waves are qggative in all the standard 
leads If the QRS voltage is low in only oiiv, lead that will usually be 
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observed in lead I The T waves in the standard leads may be o£ low voltage 
though upright, they may be iso-electric or may be inverted in only two 
leads. The Wolferth precordial lead is characterized by an exaggerated Q 
wave at the expense of an R wave of diminished amplitude Similarly the 
R w^ave m leads IV R and IV F is disproportionately large as compared 
to the S \vave The T w'ave in the Wolferth precordial lead is upright in more 
than half the cases and it fiequently arises from an R-T segment that is 
slightly elevated The T -wave in lead IV R is negative in about half the 
cases and it arises frequently from an S-T segment that is slightly depressed 
The electrocardiograms change very little aftei operation in the cases in 
which the operation is not successful in relieving inflow stasis In cases in 
which inflow^ stasis is relieved by operation the electrocardiogram tends 
to return to normal after operation though some trace of the original 
electrocardiographic abnoimahties may persist for a long time in spite 
of the fact that noimal cardiac function has been restored” The most 
important clinical features m my senes of 24 cases aie shown in Table I These 
indicate that the most important clinical manifestations of constrictive peri- 
carditis are increased venous pressure, increased circulation time, enlargement 
of the liver wnth impaired function, ascites, faint heart sound and diminished 
torce of pulsations, low blood and pulse pressure and the heart of normal 
size or not appreciably enlaiged 

Inasmuch as chronic constrictive pericarditis is essentially a mechanical 
condition interfering with the function of the heart, it can only be relieved 
by surgical removal of this fibrous encasement of the heart muscle 

It is important that the diagnosis be made early and operative treatment 
instituted as soon as the diagnosis is established because the longer surgical 
intervention is delayed the more extensive the myocardial degeneration 
Will become and the more destructive the effects of the disease will become 
on other body tissues, especially the liver The greater the degree of 
myocardial atrophy and degeneration the greater the hazard of operation 
and the less satisfactory the ultimate operative results 

SURGICAL TREATMENT 

My experience m the surgical treatment of constiictive pericarditis 
consists of this senes of 24 cases in wFich partial pericardiectomy and epi- 
cardiectomy with epicardiolysis were performed I have used the term “epi- 
cal dioly sis” to designate the separation of the innermost layer of the peri- 
cardium from the heart muscle This procedure is used in addition to resecting 
a portion of pericardium and epicardium Epicardiolysis is an important and 
essential part of the operative procedure Nine of these cases were reported 
by Barnes and me in 1940 

Pteoperatwe Tteatment — The preoperative preparation of patients who 
have been selected for surgical treatment is directed at removing the effects 
of the circulatory failure owing to the constriction of the heart and at 
improving the function of the structures involved 
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The intake of fluid should be limited to from 1,200 to 1,500 cc in 24 hours 
Patients should receive a diet high in protein and low in salt Daily administra- 
tion of vitamins may be of value in impioving the general resistance of the 
patient When tests of liver function indicate considerable damage, vitamin 
B-complex and glucose administered intravenously, or by mouth, may be 
helpful in improving the function of the liver 

The body cavities and tissues should be leheved of as much excess fluid 
as possible When laige amounts of fluid are piesent in the abdominal 
and pleural cavities, the fluid should be removed by aspiration and periodic 
use of diuretics should be utilized to ielie\e edema of the tissue and keep it 
at a minimum 

The value of preopeiative admimstiation of digitalis is questionable In 
the first cases digitalis was given before opei ation but its use befoi e operation 
did not produce appieciably satisfactory lesults and has been discontinued 
except in some cases of auiiculai fibi illation I piefer not to haie the patient 
receive digitalis befoi e operation unless its use is definitel}^ indicated because 
its stimulating effect on the heait muscle may result in a false impression of 
the ability of the heart to withstand the surgical pioceduie I believe that if 
digitalis IS not used preopei atively, a bettei evaluation can be obtained of the 
amount of irritation the heart muscle can safely withstand during the 
operative procedure 

The level of blood uiea, plasma chlorides and seium protein and the 
carbon dioxide combining power of plasma aie determined routinely before 
operation to see that they ai e within normal limits as well as to have a control 
for the postoperative determinations The type of the patient’s blood is 
determined and blood of similar type is held available for intravenous adminis- 
tration at the time of operation if it should become necessary to utilize it 
because of loss of blood or seveie decrease in blood pressure Blood or 
other fluids, however, should not be administered intravenously during 
operation unless their use is indicated specifically 

Pi ehmmaiy Medication — Pieliminary medication is begun the night before 
operation and consists of i 5 grains (o i Gm ) of pentobarbital sodium taken 
01 ally Two hours before the time of opei ation another dose of l 5 grains 
(o I Gm ) of pentobarbital sodium is administered by mouth This dose 
often IS repeated an hour before operation Thirty to 45 iTiinutes before the 
time of operation % gram (001 Gm ) of morphine sulfate and 
(o 00043 Gm ) of atropine sulfate are administered hypodei mically Moiphme 
should be used with caution and in sufficiently small amounts so that it will 
not interfere with respiratory function Amounts vary vith the age and 
condition of the patient I believe that it is advisable to omit its use for 
children less than 15 years of age 

Anesthesia —GanaraX anesthesia is advisable because the operation may 
require considerable time This time factor is tiring for the patient and if 
general anesthesia were not employed, the nervous strain would be increased 
considerably and would interfere with cardiac function Furthermore, if 
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respirator}'- difficulties arise, it is advisable to have the patient under complete 
control The anesthetic agent is administered by means of a positive 
pressure apparatus In my early cases this administration ■v\as effected through 
a closed mask but I now use an intratracheal tube routinely This change 
was not effected because of any serious trouble with a closed mask but I 
feel that the equation of safety is gi eater if the intratracheal tube is used 
It may be, and piobably is, unnecessaiy m some cases, but I do not believe 
that its routine use pioduces any haimful effects and if its use becomes 
uigent. It may be difficult to intioduce the tube and serious consequences 
may result befoie it can be mtioduced Use of the inti atracheal tube makes 
It possible to maintain adequate oxygenation at all times and under all 
circumstances because it insuies an adequate air- way and mucus or secretions 
can be easily aspirated thiough the tube It is also an added protection 
against respiratory dysfunction aiising from collapse of the lung if the pleura 
should be inadvertently opened on one oi both sides 

I prefer cyclopropane as the anesthetic agent In my earlier cases cyclo- 
propane was used loutmely At piesent I use cyclopiopane m combination 
with ether The reason for this modification has been to lessen the occurience 
cf cardiac arihythmia vhich may be associated with cyclopropane anesthesia 

Opeiatwe Piocedinc — The patient is placed in a straight dorsal position, 
on the operating table 

A U-shaped skin incision is made to approach the peiicardium extrapleurally 
through the left anterior portion of the thoiacic wall This incision begins at 
about the anteiior axillaiy line at the level of the sixth rib, it extends across 
the thorax to the sternum, the apex of the curve is in the midportion of the 
sternum and the upper end of the incision extends as high as the third rib 
on the anterior axillary line 

The pectoralis major muscle is dissected and is reflected with the skin 
flap The costal cartilages of the sixth, fifth, fourth and in some instances 
of the third ribs on the left side aie resected subchondrally and subperiosteally 
from the sternum together with 3 cm of the corresponding ribs An inter- 
costal muscle flap is then cut from the left border of the sternum and the 
intercostal vessels are cut and ligated The internal mammary vessels are 
ligated in the upper and lower limits of the wound in the thoracic wall, 
usually beneath the perichondrium of the third and sixth costal cartilages 
After the muscle flap is mobilized, any existing pericardial attachments to 
the sternum are sepaiated and a portion of the left half of the sternum is 
resected with the rongeur In some instances it is not necessary to remore 
any of the sternum beyond the detachments of the cartilages 

The left pleura may be dissected from the peiicardium at this time 
The pleura, however, is often adherent particularly when the pericardium is 
calcified, and openings may be made inadvertently into the pleura during its 
separation Any openings, thus occurring in the pleura, are immediately 
closed with catgut In cases in which only a little pericardial space is free 
of pleural attachments and in which the pleura is thin and adherent to the 
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outer wall of the pericardium, it is not advisable to make a wide separation 
01 the pleuia from the pericardium until after dissection of the pericardium 
fiom the myocardium has been made because of the danger of opening the 
pleural cavity at this early stage of the operative procedure Inadvertent 
opening of the pleural cavity at this time, however, may result in pulmonary 



Fig I — Sharp djssection of the constricting epicardium (epicardiolysis) and pen 
cardmm from the myocardium Bone cutters were required for resection of the scar 
because of the thickness of the calcification Left Inset U shaped precordial incision 
Right Inset Approach to the pericardium through the wall of the thorax Resection of 
the cartilages and 2 cm of the third, fourth, fifth and sixth ribs on the left side (resec 
tion proximal half of sternum) 

collapse and respiratory difficulty which ma}' interfere seriously with the 
patient’s progress throughout the rest of the operation Usually sufficient 
exposure of the heart can be obtained to complete the dissection of the adherent 
pericardium from the myocardium without separating the attachment of the 
left pleura to the pericardium until resection of the pericardium is about 
to be performed 
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The initial incision into the pericardium is important An attempt is made 
to make the incision in a legion which is lemoved from the underlying 
coronary vessels The site usually selected is close to the sternum or well 
over the left ventricle in order to avoid injury to the ant'erior descending 
portions of the left coionar}'’ vessels The site of election depends to some 
extent on the type of scar and accessibility of the myocardium Great care 
should be exeicised to asceitam the actual point of fusion of the pericardial 
scar and the myocaidium before removal of the epicardium is started 
The separation of the epicardium from the myocardium is very impoitant 
and IS done in addition to the lesection of a portion of the epicardium 
and pericardium and extends over a much wider area of heart muscle than 
the area from which the scar is lesected (Fig i) The site of fusion of the 
epicardium and myocardium often vanes greatly, particularly when deposits 
of calcium are present In some instances the calcified tissue may extend 
into the heart muscle and great care is required in removal to avoid serious 
injury to the heait muscle During removal of this scar the deposits of 
calcium should be left attached to the reflected peiicaidium In some regions, 
particularly around the deposits of calcium, the fusion plane is not uniform 
and the dissection must be carried around the deposit in slightly difteient 
planes before it can be removed by sharp dissection When the calcium invades 
the heart muscle, no attempt should be made to remove it as the tissue involved 
may extend entirely through the heart muscle In instances in which the 
scar tissue has extended into the heait muscle, small segments of scar 
should be left attached to the myocaidium because of the risk of damaging 
the muscle or the coronaiy vessels in their removal As mentioned pie- 
viously, in many instances the scar presents irregular lines of cleavage It 
often extends into the myocardium at diflrerent levels In these instances 
It IS best not to follow one line of cleavage to the point of injury to the 
myocardium but to shift into another line of cleavage and then separate the 
intervening bands to avoid myocardial injuiy 

An attempt is always made to free the left ventricle first because better 
function of this chamber of the heart should be established to provide better 
disposal of the blood before freeing the right side of the heart In many 
instances, however, I have separated the greater portion of the right ventricle 
first without harmful effects 

Opinions differ concerning the amount of pericardial scar that it is 
necessary to remove as well as concerning the amount of scar to be separated 
from the heart muscle and from the orifice of the inferior vena cava I believe 
It is advisable to separate as much of the pericardial scar as possible from 
the ventricles, the right auricle and orifice of the inferior vena cava and it is 

paiticular importance to separate the attachment of the right ventricle to 
the diaphragm It is of equal importance to separate the apex of the heart 
and I believe that this should be done eaily in the operation if possible Sepa- 
ration of the heart muscle from its fixed attachments to the diaphragm is one 
of the most important considerations in reestablishing the action of the 

475 



STUART w HARRINGTON Annah of Surgeiy 

October l9ii 

heart Impiovement in the function of the heart often is noted immediately 
after the apex and right ventiicle have been separated from their fixed 
attachment to the diaphragm 

After the scar has been sepaiated fiom the heart muscle, the amount of 
peiicardium to be lesected depends on the chaiaotei of the scar and the 
position and type of fixation of the pleuial attachments to the outei ^^aII of 



Fig 2 — Resection of, and marginal incisions in the pericardium and epicardium 
after separation from the myocardium Inset a Beginning resection of the pericardial 
scar from the anterior and larger surface of the myocardium b and Inset c After 
resection of the pericardial scar, multiple incisions are made into the cut margin of the 
remaining epicardium and pericardium in order to release the heart more fuIJj, par 
ticularlj at the apex 

the peiicardium I believe it is advisable to lesect as much of the anterior 
portion of the peiicaidium as possible without injuimg the pleura By careful 
dissection the pleuial attachments to the pericaidium can be separated to 
approximately the position of the left phrenic nerve and the entire anterior 
portion of the thickened peiicardium extending beneath the sternum is 
resected If the attachments of the pleura extend high on the pericardium as 
tliey often do when calcium is present, it may be impossible to resect an 
adequate amount of peiicardium without injuring the pleura In these 
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cases linear incisions into the remaining cut edges of the peiicardium will 
pioduce a much wnder opening of the peiicardium (Fig 2) 

The impoitance of sepaiating and lemoving sufficient scat to release the 
heart cannot be ovei estimated because, if an adequate amount is not 
lemoved, caidiac action will continue to be impaiied This not only will 
eliminate die possibility of ultimate recpvery fiom the disease but will 
interfere with the immediate recoveiy fiom the opeiation 

In the couise of lemoval of the peiicaidial tissue the pulse late often 
becomes rapid and iiregulai owmig to the external stimulus to the heart muscle 
When the pulse becomes 11 regular, it is impoitant to cease the operation 
temporarily The utilization of frequent lest peiiods and applications of 
sponges moistened wath w^aini physiologic solution of sodium chloride wall 
permit the heart to regain or at least partially regain its former rhythm 

The upper half of the w^ound dowm to the bed of the cartilage of the 
fifth rib IS closed in tw^o la3^ers Above the caitilage of the fifth rib the 
intercostal muscles aie sutured to the sternum The perichondi lum of the 
cartilages of the fifth and sixth ribs is excised completely From the cartilage 
of the fifth rib to the low^ei angle of the wmund the subcutaneous tissue and 
skin only are closed over the heait Soft lubber tissue drains are placed 
m the low^ermost angle of the wound betw^een the heart and the diaphragm 
Ihese drains permit the immediate removal of the serous exudate from the 
pT-ecoidial space The drains are removed from 36 to 48 hours after 
operation 

A varying amount of serous exudate always follow^s removal of the 
adhesions, even though gieat care is taken to prevent trauma to the tissues 
as w^ell as to attain accurate hemostasis If this fluid is permitted to accumulate 
in the precordial space, it may interfere wath the function of the heait which 
IS already laboring under inci eased stress fiom the operation If it is not 
permitted to dram externally, the fluid may rupture into the pleural space 
and interfere with lespiratory function When gianular deposits of calcium 
are scattered throughout the peiicardium, it is paiticulaily advisable not to 
have this material drain into the pleural cavity because of the risk of pleural 
iiritation and empyema 


POSTOPERATIVE CARE 

Immediately after operation all patients ai e placed m an oxygen tent The 
time during which administration of oxygen is continued depends on their 
pi ogress This is one of the most impoitant aspects of postoperative treat- 
ment, for the oxygen not only pi events cyanosis but aids in relieving stress 
on the heart Other postoperative measures are directed tow^ard removal 
of body fluids and aiding the function of the heai t and liver These measures 
aie similar tc those utilized preoperatively for similar purposes Limitation 
of the intake of fluid is important, from 1,200 to 1,500 cc of fluid is admin- 
istered in 24 hours by pioctoclysis 01 by mouth as soon as nausea subsides 
The intravenous administration of fluids is avoided if possible In instances 
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in which the urinary output is reduced, lo to 20 per cent solution of glucose 
may be administered intiavenously This not only aids the urinary output 
but may benefit the function of the liver Vitamin B also is given 

Table 1 

CLINICAL DATA IN TWENTY-FOUR CASES OF CONSTRICTIVE PERICARDITIS 
Duration of Symptoms 3 months to IS years 


Sex 

Patients 

Age of Patients Yrs 

Patients 

Males 

18 

1-19 

8 

Females 

6 

20-29 

6 


— 

30-39 

7 

Total 

24 

40-49 

3 


Clinical Features 


Ascites 

19 

Increased venous pressure 

24 

Edema of legs 

16 

{190to360Mm ofwater) 


Edema of face 

6 

Increased circulation time 

16 

Pleural effusion 

7 

(highest 90 sec with decholin) 


Dyspnea 

16 

Low blood and pulse pressure 

20 

Orthopnea 

2 

Diminished pulsations 

24 

Cyanosis 

3 

Auricular fibnllation 

4 

Weakness 

12 

Enlarged liver (dye retention) 

24 

Dilated veins in neck 

10 

Heart small or normal 

18 

Gastric distress 

8 

Heart slightly enlarged 

6 


Table II 

NINE CASES or CHRONIC CONSTRICTIVE PERICARDITIS IN WHICH CURE RESULTED FROM PERICARDIECTOMY 



Age 

Yrs and 

Duration 

Venous 
Pressure, 
Mm of 

Etiology 

Fibrous 

Ad- 

Results and 
Time after 

Case 

Sex 

Symptoms 

Ascites 

Water 

(Previous Infections) 

hesions 

Operation 

1 

27 

M 

8 yrs 

8 mos 

310 

Unknown 

(pneumonia IS yrs ago) 

X 

Calcium 

Cured, 6 yrs 

2 

38 

M 

9 yrs 

5 yrs 

260 

Unknown 

(influenza 11 yrs ago) 

X 

Calcium 

Cured. 5 yrs 

10 mos 

3 

37 

F 

lyr 

0 

23S 

Unknown 

(none) 

X 

Calcium 

Cured 5 yrs 

1 mo 

4 

21 

M 

10 mos 

10 mos 

360 

Tuberculosis 

X 

Cured 3 yrs 

9 mos 

S 

11 

M 

4 mos 

4 mos 

280 

Unknown 

(none) 

X 

Calcium 

Cured 2 yrs 

10 mos 

6 

21 

M 

6 mos 

6 mos 

284 

Unknown 

(empyema 7 yrs ago) 

X 

Calcium 

Cured 2 yrs 

10 mos 

7 

37 

F 

2 yrs 

1 5 yrs 

238 

Unknown 

(none) 

X 

Cured 1 yr 

10 mos 

8 

14 

F 

2 yrs 

2 yrs 

315 

Unknown 

(none) 

X 

Calcium 

Cured, 1 yr 

7 mos 

9 

33 

M 

3 mos 

2 wks 

282 

Unknown 

(infl-uenza, 1 yr ago) 

X 

Calcium 

Cured 2 yrs 

10 mos 







Died Auto accident 


BESULTS FOLLOWING OPERATION IN TWENTY-FOIJB CASES 

The rapidity and completeness with which recovery occurs after opera- 
tion for constrictive pericarditis depends on many factors, the most important 
of which are the amount of myocardial atrophy and degeneration, the amount 
of hepatic damage, and the thoroughness with which the constricting scar 
has been removed from the impaired heart Improvement may be noticed 
soon after the operation but it proceeds slowly and progressively Ultimate 
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complete recovei y may not occur for many months This is somewhat depend- 
ent on the duration of the disease befoie operation One patient (Case i) 
aid not obtain complete recovery for nearly two years following the operation 

Of the 24 patients operated upon, i8 recovered from the operation and 
SIX died in the hospital following opeiation The operative mortality was 
25 per cent 

Tables II, III and IV give some of the clinical data and the results of 
operation m this series of 24 cases This series includes nine cases (Cases 
I, 2, 3, 9, 15, 16, 19, 21 and 22) which weie leported in 1940 


Table III 

SINE CASES OF CHRONIC CONSTRICTIVE PERICARDITIS IN WHICH LMPROVEMENT RESULTED FROM PERICARDIECTOMY 

Venous 

Age, Duration Pressure, Fibrous 



Yrs 

and 



Mm of 

Etiology 

Ad- 

Results, Time 

Case 

Se-? 

Symptoms 

Ascites 

Water 

(Previous Infections) 

hesions 

after Operation 

10 

34 

F 

2 3 yrs 

2 yrs 

22s 

Unknown 

(none) 

X 

Marked improve- 
ment, 2 yrs 

11 

34 

M 

2 5 yis 

2 yrs 

235 

Unknown 

(influenza, IS yrs ago) 

X 

Marked improve- 
ment, lyr 11 mos 

12 

46 

M 

3 mos 

0 

23S 

Tuberculosis 

X 

Moderate improve- 
ment, 1 yr , 1 mo 

13 

16 

M 

2 yrs 

0 

190 

Unknown 

(none) 

x 

Calcium 

Progressing im- 
provement, S mos 

14 

29 

F 

9 mos 

4 mos 

204 

Unknown 

(influenza, 1 yr ago) 

Encap 

fluid, 

calcium 

Progressing im- 
provement, 3 mos 

IS* 

43 

M 

IS yrs 

2 5 yrs 

31S 

Unknown 

(empyema, IS yrs ago) 

t 

Calcium 

Improvement (2 
operations), 6 yrs 

6 mos 

16 

17 

M 

3 yrs 

2 yrs 

340 

Tuberculosis 

X 

Improved, 2 yrs 

3 mos Later died 
of tuberculous per- 
itonitis 

17 

IS 

M 

4 mos 

4 mos 

2SS 

Unknown 

(scarlet fever, 7 yrs ago) 

X 

Calcium 

Improved, 7 mos 
Later died of 
pneumonia 

18 

17 

M 

6 mos 

3 mos 

350 

Unknown 

(influenza, 1 yr ago) 

Encap 

fluid 

Improved, 2 yrs 

1 mo Later died of 


progressive cardi- 
ac failure 

* Pneumonia at onset of illness, pencardial paracentesis gave negative results 


Tables II and III give the data on the 18 patients who recovered from 
operation and include data on four patients who have died subsequently Table 
IV gives the data on six patients who died in tlie hospital following the 
operation 

Of the 18 patients who recovered from operation, nine (Cases i, 2, 3, 4, 5, 6, 
7, 8 and 9) weie cured By cured, or cure, I mean that they have been able 
to resume their normal activities with reasonable restrictions Operation 
was performed in these nine cases fiom one year and seven months to 
SIX years before this study w'^as made (Table II) One of these patients 
(Case 9) has died since operation from another cause After making an 
excellent recovery and being able to lesume his w^ork as a farmer, he was 
killed in an automobile accident two 5’’ears and ten months following the 
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opeiation The result in one of these cases (Case 4) was especially gratifying 
clS the etiologic agent 111 this case was tuberculosis This diagnosis was proved 
liy micioscopic examination of the peiicardium removed at opeiation This 
patient is able to carry on his usual activities, and it is now three years and 
mne months aftei the operation Of the five patients who had tuberculosis 
(Cases 4 j is, 16, 19 and 20), this is the only patient who obtained a result 

T\Bt,n IV 

DFATHS rOLLO\M\G PCRICARDIFCTOMY FOR CHRONIC CONSTRICTIVE PERICARDITIS 



Age 

Yrs and 

Duration 

of 

Etiology 

(Previous 

Constricting 
Lesion of 


Case 

Sex 

Symptoms 

1 Infections) 

Pericardium 

Results 

19 

27 

M 

1 5 yrs 

Tuberculosis* 

Fibrous 

effusion 

(subacute) 

Died 29th day, left tuberculous em 
pyema, multiple pulmonary infarcts 

20 

2fi 

M 

4 yrs 

Tuberculosis 

Fibrous 

Died 13th day, left tuberculous empyema 
with bronchopneumonia and pulmonary 
tuberculosis, cardiac failure 

21 

12 

M 

S yrs 

Unknown 

(none) 

Fibrous and 
calcium 

Died 4th day, cardiac failure, myocardial 
degeneration, liver damage, (previous 
Talma-Monson operation) 

22 

41 

M 

4 mos 

Unknown 

(none) 

r ibrous and 
calcium 

Died 3rd day, cardiac failure, broncho 
pneumonia, myocardial degeneration, 
calcium through wall of ventricle 

23 

16 

F 

2 y rs 

Unknown 
(mumps 2 vrs 
before onset) 

r ibrous and 
calcium 

Died 3rd day, multiple bilateral pul 
monary embolism 

24 12 M 2 mos Unknown 

(none) 

* Pre% lous history of rheumatic fever 

Fibrous 

Died at operation, cardiac failure 


that could be considered as a cuie In Case 12 the impioveinent was moderate 
and in Case 16 the patient died two yeais and three months aftei operation 
from tuberculous peritonitis The remaining two patients ( Cases 19 and 20) 
died in the hospital aftei the operation 

Of the remaining nine patients who lecovered from operation (Table III), 
two patients (Cases 10 and ll) have shown maiked improvement two years 
and one year and eleven months, 1 espectively, following operation One of 
tliese patients had leceived treatment for cirihosis of the liver for two years 
Neither of these two patients has been examined in the past nine months 
and, although I believe from recent letteis of inquiry that they are approxi- 
mately cured for they are both back to slightly restricted former work, I have 
placed them in the markedly improved group until further examination In 
Case 12 a subacute type of tuberculosis with fibrous adhesions and considerable 
myocardial damage was present The patient has been moderately active but 
is unable to follow any regulai occupation one year and one month after 
operation His condition is not more than model ately improved and I believe 
it is questionable whethei it will greatly improve in the future In Cases 
13 and 14 sufficient time has not elapsed since the operation to determine the 
eiid-result At present, three and five months after operation, these patients 
are showing progressive improvement and I believe from their piesent 
progiess that the ultimate result will appioximate a cuie 
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In Case 15, the disease was of long standing and there was a marked 
degiee of myocardial and hepatic damage This is the only patient m my 
series who has had two operative procedures It is now six years and six 
months fiom the first opeiation and five years following the second operation, 
and his condition cannot be considered more than improved While he is now 
able to carry on moderate activities, he continues to have a moderate degree 
of ascites Aftei this length of time, I do not believe his condition will ever 
improve to approximate a cure 

The lemaimng three patients (Cases 16, 17 and 18) made satisfactory 
recoveries from the operation but have died subsequently, two from con- 
tinuation of the disease and one from other causes In Case 16, the etiologic 
agent was tuberculosis The patient made a moderate impiovement follow- 
ing the operation for a period of two years and then his condition gradually 
declined and he died of tuberculous peritonitis two years and three months 
following the operation In Case 17 improvement occurred for seven months 
after operation at which time an influenzal type of pneumonia developed 
and caused death This boy, age 15, although he had a long-standing disease 
and considerable myocardial damage, would ultimately have had a satisfactory 
result from the opeiation, I believe, if pneumonia had not developed In 
Case 18 the patient’s condition was not satisfactory before operation because 
ot marked hepatic damage. Grade 3, and it was impossible to reduce the 
amount of fluid in his abdomen or pleural cavity At the time of operation 
tiiere was a marked degree of myocardial degeneration and considerable 
encapsulated fluid His condition improved only slightly after operation 
He became gradually worse and died two years and one month following 
opeiation from progressive cardiac failure 

Six patients (Cases 19, 20, 21, 22, 23 and 24, Table IV) died in the 
hospital after operation One patient (Case 19) died on the twenty-ninth 
day after operation of left pulmonary tuberculous empyeina and multiple 
pulmonary infarcts This patient had subacute tuberculous pericarditis, with 
effusion His convalescence was satisfactory until the seventh day when the 
respiratory rate increased and fever and signs of pleural effusion developed 
His condition gradually became worse He became irrational and died on the 
twenty-ninth day from multiple pulmonary infarctions and tuberculous 
empyema Another patient (Case 20) had extensive tuberculous pericarditis, 
myocardial damage and pulmonary tuberculosis The essential cause of his 
death 13 days after operation was cardiac failure and left tuberculous emp3'^ema 
with congestive bronchopneumonia In Case 21, the patient died on the 
fourth day after operation from cardiac failure as a result of myocardial 
degeneration This patient had had a Talma-Morison operation In Case 22, 
the patient died on the thud day after operation from cardiac failure and 
bdateral bronchopneumonia Examination of the heart, in this case, revealed 
a large plaque of calcium which extended throughout the entire wall of the 
ventricle and presented into the ventricular chamber of the heart In Case 23, 
the patient was a frail girl, age 15, who weighed 75 pounds (34 Kg ) when 

481 



SXUARX W HARRINGXON Annals of surgery 

October 1944 

she was first admitted to the Mayo Clinic m September, 1943 At that 
time she was extremely ill and her temperature was elevated daily It 
seemed questionable whether surgical treatment would be advisable However, 
her condition began to improve in about two months and after a period of 
four months she was fiee of fevei and had gained five pounds (2 3 Kg ) so that 
operation seemed justified The operation was without incident, but she 
died on the third postopeiative day of multiple pulmonary embolism This 
patient had had digitalis piior to her operation 

In Case 24, death occurred suddenly at the time of operation from cardiac 
failure This is the only immediate surgical death in this series There 
were no technical complications during the operation The heart failure 
occuried after the pericardium had been completely separated but before it 
had been resected The heart suddenly stopped during the period of rest when 
hot sponges were being applied over the pei icardium and heart muscle The 
p.itient was frail and had lost considerable weight but after being under 
preoperative treatment for a month and a half his condition improved mod- 
erately and It was felt that surgical tieatment was justified At necropsy the 
only finding was that of a marked degree of atrophy of the myocardium 

REPORT OF CASE I 

The patient, a man, age 27, was admitted to the Mayo Chnic on April ii, 1938 No 
definite etiologic factor could be found for his condition He had had three attacks 
of pneumonia 15, 8 and 6 years prior to his admission He had not been well since the 
attack of pneumonia eight years prior to his admission at which time a deposit of calcium 
was found around the pericardium on roentgenologic examination His condition became 
gradually worse until eight months prior to his admission when ascites and edema of 
the legs developed Since that time dyspnea, weakness and fatigue had been severe 
He also complained of considerable gastric distress and anorexia 

At the time of his admission abdominal paracentesis was required every six to eight 
days The liver was greatly enlarged and a test of liver function revealed retention 
of dye. Grade 3 The veins of his neck were distended The venous pressure was 310 
Mm of water The circulation time, determined by means of the intravenous injection 
of sodium dehydrocholate, from the arm to the tongue was 43 seconds Systolic 
blood pressure was 108 Mm of mercury and the diastolic was 80 Mm of mercury 
The electrocardiogram revealed a cardiac rate of 90 beats per minute, auricular 
fibrillation, notched QRS m lead I, slurred QRS m leads II and III, and questionably 
inverted T waves in standard lead IV The roentgenograms taken on admission revealed 
enlargement of the heart shadow with extensive calcification of the pericardium (Fig 
3 a and b) On roentgenoscopic examination reduction in the amplitude of cardiac 
contractions was noticed Preoperative treatment for elimination of fluids from body 
tissues was instituted 

Operation — May 9, 1938 Marked thickening of the pericardium and epicardium 
was found together, with extensive deposits of calcium on and between these layers 
The scar was adherent over the entire myocardium Extensive epicardiolysis was 
performed over both ventricles and the right auricle to the vena cava orifice, with resection 
of a large portion of the pericardial and epicardial scar from the anterior and lateral 
surfaces of the heart (Fig 4a) Cultures of the pericardial scar were negative and 
microscopic examination of it revealed inflammatory tissue and calcium, without any 
evidence of tuberculosis ^ 
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The immediate convalescence was satisfactory Influenza developed two weeks 
after the operation which delayed the convalescence somewhat At the time of dismissal 
two and one-half months after operation, the ascites had almost disappeared (Fig 4b) 
Tests of liver function revealed retent on of dye Grade 2, whereas before operation it 
was Grade 3 The venous pressure was 156 Mm of water, whereas, before operation 



A B 

Fig 40 — T>pical pericardial scar and calcium icmo\ed at operation together with the cartilages 
resected from the wall of the thorax h (Case 1) Marhed reduction m the size of the abdomen after 
operation owing to relief of ascites is indicated bj size of waistband of trousers worn b> patient on 
admission 
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2t was 310 Mm The circulation time was 20 seconds, whereas, before operation it 
was 43 seconds The patient gradually improved for nearly two years At the end of 
that time he was considered cured He is now leading an active and useful life 

COMMENT 

The results obtaiued for the i8 patients who recovered from operation, 
1 believe, are satisfactoiy Nine of these patients are considered cured 
The teiin "cured” is used in a lestricted sense to designate the results of 
these opeiations It means heie the relief of subjective S3miptorns and the 
1 chabihtatioii of the patient to his foiinei or some useful occupation The 
actual damage to the heart undoubtedly is not entirely relieved and the life 
expectancy of these patients is piobably not as gieat as it could have been 
had they not been afflicted b}'^ the disease The condition of two more patients 
has impioved markedly and then impiovement has approximated a cure 
Operations have been done only i ecently in t\\ o othei cases in which progressive 
improvement has occtii i ed These four patients may ultimately be considered 
cuied, thus making a total of 13 of this senes of 24 patients who ultimately may 
be consideied as cured 

Of the remaining five patients who lecoveied from the operation tuo 
have shown a modeiate degiee of improvement but it is not likely that they 
v\ ill ever be considered as cured Thiee patients have died since the operation 
The deaths of two of these three patients were due to continuation of the 
disease One was due to piogiessive cardiac failure and the other to tuber- 
culous peritonitis In the lemaming case the patient was improving satis- 
factorily from operation but unfoitunately died of pneumonia seven months 
after operation 

A review of the six cases m which death 111 the hospital followed the 
operation, indicates that a satisfactoiy result piobably would not have been 
obtained in thiee Two of these patients had extensive tuberculosis and 
the other extensive myocaidial degeneration with calcification of the wall of 
the ventiicle The remaining thiee patients who died in the hospital were 
children and all weie in poor geneial condition because of the long duration 
of the disease On examination of the hearts at necropsy, marked atrophy of 
the muscle was found Inasmuch, as regeneration of the myocardium is more 
likely to occur among younger patients, it is unfortunate that the lesion was 
not recognized and opeiation instituted eaily m the couise of the disease m 
these children 

The mortality rate in this senes of cases is 25 per cent Although this 
is relatively high, it is commensurate with the seriousness of the disease, 
and the mortality late would have been 100 pei cent without surgical interven 
tion It IS to be remembered that il of these 24 patients (46 per cent) can 
be considered cured at this time and tA\o additional patients may subsequent!} 
improve to this degiee of lecoveiy I believe that the percentage of cures 
can be increased greatly by earlier recognition of the disease and the msti 
tution of surgical treatment 


484 



Volume 120 CHRONIC CONSTRICTIVE PERICARDITIS 

?s umber 4 

Those patients who respond to opeiative treatment present one of the 
most dramatic results obtained from suigical procedures, and it is most 
gratifying to see that these patients who are doomed to a slow, lingering death 
may be restored to health and usefulness 

REFERENCE 

1 Harrington, S W , and Barnes, A R Diagnosis and Surgical Treatment of Chronic 

Constrictive Pericarditis Soutli Surgeon, 9, 459-4841 July, 194 ° 

Discussion —Dr John Alexander, Ann Arbor, Mich A matter worth mentioning 
’s the probable value of a two-stage operation for those patients who have had evidence 
of cardiac constriction for a year or more, and who presumably have an atrophied 
myocardium 

I recall that about ten years ago I extensively released both the left and right 
ventricles at one operation m a patient who had had cardiac constriction for a number of 
years The heart dilated and the patient died seven days after operation Since then 
Doctor Haight and I have operated in two stages in those few patients whose myocardial 
sufficiency was probably considerably impaired, freeing that part of the heart to the left 
ot the midhne at a first operation, and to the- right of the midlme at a second operation, 
if the signs and symptoms were not adequately relieved one or more months after the 
first operation Most of the patients have not needed the second or right-sided stage , we 
have employed two stages m three patients, without a hospital death 

Incidentally, we have been surprised by the absence of severe reactions from 
pcricardiectomy in our cases of chronic tuberculous pericarditis 

Dr Claude S Beck, Cleveland, Ohio I do not think we should have any difficulty 
in the recognition of this condition As a matter of fact, I think quite frequently you 
can make a diagnosis by inspection of the patient alone You cannot always do that, 
but you can do it in some patients 

There is a very simple diagnostic triad for this condition which I should like to 
present to you, if I may 

The term which I like to apply to this condition is “compression scars of the heart” 
instead of “constrictive pericarditis” Here is the diagnostic triad which I think makes 
the diagnosis perfectly simple and infallible 

The most important features of the triad is a small, quiet heart A compressed heart 
IS a small atrophic organ The muscle fibers are smaller than normal We showed 
that some years ago This type of heart is atrophic , it has undergone atrophy of disuse 

I should like to point out that the heart m this condition does not waste any energy 
It IS a perfectly efficient “pump” There is no valve leakage The only thing is it does 
not get enough work to do It does not receive enough blood to do the normal quota 
of work, and it undergoes atrophy from disuse, and that is why when you take the scar 
oft you get an immediate improvement, and then later on you get a delayed improvement 
because this atrophy from disuse requires time for it to disappear A compressed heart 
cannot dilate nor can it hypertrophy 

The fluoroscope usually helps you to recognize a quiet heart, but the shadow you 
see in the roentgenogram or in the fluoroscope is not always just heart — it is heart plus 
the compression agent, and the compression agent may be in some cases fluid, blood or 
pus It may be a tumor, and in other cases it may be quite a thick scar 

As Doctor Harrington has shown, the scar may be one centimeter or more in thickness 
T he shadow may appear to be large, whereas, the heart actually is a small organ 

The other two components of this triad refer to the superior and inferior vena caia 
These structures always contain blood under pressure When the venous pressure rises 
to a lei el of iS or 20 cm then tlie fluid part of the blood begins to filter through the 
capillary bed, and you get ascites It is ascites that takes the patient to tlie doctor 
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Usually the patient does not know he is sick until he gets ascites We can use this 
II formation for diagnosis A patient with ascites does not have a compressed heart 
unless the venous pressure is i8 or 20 cm , or higher The ascites refers to the inferior 
cava, and the high venous pressure in the arm refers to the superior vena cava 

The triad consists of a small shrunken heart, plus ascites, plus venous pressure in 
tne arm which is 18 or 20 cm of water, or a pressure higher than this level This triad 
cannot be wrong 

There should be no difficulty in differentiating this condition from cirrhosis of the 
liver, because you do not have a quiet heart with cirrhosis of the liver and you do not 
have an increase of the venous pressure m the arm 

I performed 51 operations for removal of compression scars on 46 patients The 
results are shown in Table I 


Tvdlc I 


Operative mortality 

1— 2 2% 

Postoperative deaths 


From tuberculosis 

4— 8 7% 

Other causes 

4— 8 7% 

Subsequent mortality 

4— 8 7% 

Living 


Cured 

31—67 4% 

Improved 

1 2—4 3% 

Total cured or Improved 

33—71 7% 


I should like to comment upon these results The operative death occurred in the 
eighth case of the series in 1934 Death was due to ventricular fibrillation It occurred 
suddenly and without warning I believe I can state the cause of fibrillation It was 
set-off, as by a trigger, while the scar was being dissected by scalpel from the descending 
r^mus of the left coronary artery The scar was being rolled back on my index finger 
for the dissection and this, in turn, I believe, occluded this coronary artery An area 
of anoxemia developed in the myocardium and this became a trigger which, like a trigger 
m the brain, set-off a convulsion I was not able to defibnllate the human ventricles at 
that time An effective method for this did not exist At the present time this complica- 
tion could be taken care of without any difficulty We have an effective method for 
dcfibnllation of the ventricles 

There were eight postoperative deaths Four were due to tuberculosis, two were 
due to infection, and two were due to acute dilatation of the heart The patients with 
tuberculosis had extensive and severe involvement of pleura, pericardium and mediastinal 
structures These deaths can scarcely be attributed to operation The cases were 
inoperable, and the patients were close to the point of death before operation The 
iitfection in the other two cases may have been lighted-up by the operation There is 
no way of determining this The patients were afebrile before operation In the re- 
maining two patients it might have been possible to have prevented acute dilation of 
the heart by blood-letting There are two factors related to this subject One is the 
alrophic heart, without the compression scar around it, has a tendency to dilate The 
other factor concerned with dilatation is the fact that the blood volume is increased m 
this condition Unpublished data, from a study of this series of patients, indicate an 
increase of about 30 per cent in the circulating blood volume So that there is an increased 
blood volume to be moved by the heart The four patients who died after discharge from 
the hospital were improved, insofar, as compression of the heart was concerned One 
developed miliary tuberculosis, and died several months after operation One developed 
pneumonia, and died several years later One developed recurrence of compression, and 
died several years later One died of unknown cause 

There are 33 patients who are now living In some of these patients the operation 
was performed 15 years ago, and the patients are cured Thirty-one of the entire group 
are cured They are completely free of ascites Two patients are classified as improved 
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They may be completely cured One of these had a tuberculous scar, and I have not 
seen her recently but it is reported that the abdomen is not enlarged The other patient 
had reoperation recently because of recurrence of compression scar He may be cured 
I should like to add that no bad-risk patient was refused operation The only re- 
quirement for operation was the diagnosis of compression scar We have never made a 
mistake in the diagnosis If the patient was febrile, a period of bed rest was given before 
operation If the fever failed to subside and if the condition became worse, operation 
was done regardless of risk Several lives were saved by this program 

I feel that these results are a good score The compression scar must be removed 
wherever it exists Ventricles, auricles, venae cavae must be relieved of any compression 
in order to obtain a cure Partial operations yield partial results and increase the 
probability of recurrence of scar 

Dr George J Heuer and Dr William DeW Andrus, New York Discussion by the 
authors presented by Doctor Firor, m the absence of both discussers 

“Eighteen patients have been subjected to 19 operations, without an operative or a 
postoperative fatality Of these, (1) seven patients are classified by us as cured over 
periods varying from one and a half to eight and a half years, of whom six have been 
followed more than three years, and three more than seven years Of these seven 
patients, one after being completely cured for three and a half years, died from an 
unrelated acute generalized peritonitis 

“(2) Three patients more recently operated upon have shown such improvement in 
their symptoms and signs as to warrant the expectation of a cure Since they have been 
followed less than one year, they have not. however, been classified as cured 

“(3) Four patients are markedly improved over periods of from three to six and 
a half years One of these patients died six and a half years after operation from 
pneumonia 

“(4) One patient is markedly improved, and is living six years after operation 
"(S) Four patients w'ere not improved by the operation Of these, one is living 
seven years after operation, and three have died One patient died one year after 
operation from recurrent pulmonary infarction, and two died ii months and seven 
months, respectively, after operation from a progression of the disease In the last two, 
it became evident on their retu'^n visits that the operation had failed m its purpose 

“A summary of these results shows that 14 out of 18 patients subjected to operation 
have been cured or markedly improved ” 
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THE PROBLEM OF EMBOLISM OF THE PULMONARY ARTERY* 
report of a transcardiac operation 
Harold Neuiiof, M D 

New York, N Y 

In all probability the massive and usually fatal form of pulmonary 
embolism will be larely encountered when the prophylactic measures now 
in the process of development are fully evolved and generally applied At 
the present time, however, massive pulmonaiy embolization is not rare and a 
consideiation of its surgical management may, therefore, not be amiss 
The Ti endelenburg opeiation foi embolism of the pulmonary artery 
is the sole measure which has been employed in the past three decades 
Because of its formidable nature the opeiation is believed to be indicated 
only m those cases in which a sufficient peiiod of observation has elapsed 
to be assured that death is impending According to the surgical literature, 
It would appear that the diagnosis as well as the situation and the ph)'’sical 
featuies of the embolus have been more or less taken for granted Various 
features of the embolus have been desciibed but not m relationship to the 
question of operative lemoval I believed that a detailed examination of 
well-documented cases might provide information of suigical significance 
which was lacking in the literatuie A study was made by S Kleint and 
myself of 88 consecutive autopsied cases encounteied at the Mount Sinai 
Hospital The work will be desciibed fully elsewdiere but ceitain pertinent 
features can be briefly set foith at this tune 

Owing to some question as to the cause of death in cases of massive 
pulmonary embolization it should be said that the study appears to show that 
obstiuction of the pulmonary aitery is the essential cause The factors pio- 
ducmg death were obstruction, asphyxia, and heart failure The fatal episode 
took place at virtually any time duiing a medical illness (26 cases) or in the 
surgical postoperative period (62 cases) Of the 62 deaths in operative cases 
21 occurred in the first week, and of these, 14 in the first few days Only 26 
w-ere encountered in the second w'eek, chiefly in the classical period of the 
eighth to the tw^elfth day Some details wull be given later concerning the 
time of death in relationship to the onset of symptoms 

An analysis of the 88 cases reveals that there w^as evidence at autopsy 
of previous peuphe) al embolization in 43 > that is, m half the cases Thirty-six 
of the patients had had symptoms and signs related to such earlier episodes, 
and in at least 13, theie were local manifestations suggesting the presence 
of thrombosis or phlebitis If arg ument were needed, these data w'ould supply 

* Read before the American Surgical Association, May 3-4, I944, Chicago, III 
t Now Major, M C , A U S 
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a powerful one for tlioi ough-going prophylactic measures m any hospital 
seivice, medical or surgical 

The variations m the size, shape, and position of the pulmonary embolus 
weie studied and weie found to be of surgical significance Some emboli 
were extiemely long, with twig-hke branches, others short and curled up 
Some veie firm, otheis fiiable A few were firmly adheient The embolus 
Vvas situated (i) m the outflow tiact of the pulmonary artery, (2) m the 
main trunk, (3) m one 01 moie of the major branches, or (4) fiagmented 
and distributed in the lessei blanches Thus, it is obvious that the chances 
of encounteimg and lemoving the embolus at operation cannot be gauged 
in advance 

The symptoms in the 88 cases weie those of asphyxia, shock, syncope, 
01 heait failuie, singty or m various combinations Variations m symptoms 
and signs often made an absolute diagnosis difficult or impossible except in 
classical cases Cential and peripheral blockade could not be differentiated 
Perhaps the most significant conclusion from the study of symptoms was 
that there was no dependable relationship between the degree, location, 
and extent of the pulmonary embolus, and the clinical picture The litera- 
ture scarcely deals vith this aspect of the subject and yet the question must 
be raised as to when, if ever, as formidable a piocedure as the Trendelenburg 
operation is indicated 

Although the classical cases can be recognized readily, it can be said that 
the differential diagnosis from coronal y thrombosis, m particular, or non- 
cardiac lesions, in general, may be difficult or virtually impossible The 
electiocardiogram was not of decisive aid in the differentiation from coronary 
tlirombosis In our 88 cases an unequivocal diagnosis of pulmonary embolism 
was made m 16, an equivocal one m 13 The diagnosis was mcoirect in 22 
The clinical picture m 13 cases did not appear to suggest or, at any rate, did 
not wairant a diagnosis of pulmonary embolus 

From a consideration of the topographic features alone, embolectomy 
would have been feasible m 33 of the 88 cases However, amongst these 
33 cases theie weie no distinctive clinical features to differentiate them from 
less favorable cases The conclusion is, therefore, inevitable that an opei ation 
always must be regarded as an exploratoiy one Of the 88 cases, almost 
half were suffering from otherwise irremediable conditions A survey of all 
the features of the 88 cases including diagnosis, duration of symptoms, 
topography of the embolus, eic , establishes that there were betw^een 15 and 26 
cases spread over a period of ten years in which favoiable criteria for 
embolectomy existed 

The occurrence of death after the onset of symptoms was within ten 
minutes in 18 cases, in il to 15 minutes in nine cases, m 16 to 30 minutes 
m II cases, and in one-half to one hour m eight cases Twelve died in one 
to four hours, six in foui to ten hours, five m ten to 24 hours Thus, a sig- 
nificant fact concerning the cases to be regarded as favorable for embolectomy 
was that the duration of life was short in many This is quite out of line 
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with the protracted duration for which the Trendelenburg operation has 
been advocated In this connection, reference should be made to a number 
01 cases studied but not included in this series, characterized by extremely 
seveie clinical manifestations of prolonged duration with recovery ensuing 
after death was anticipated Some of these cases conform to the type in 
which the Trendelenburg opeiation might have been performed in ac- 
cordance with the formula of obseivation over a period of hours 

The study of the 88 cases has shown that an operation for the removal 

of pulmonaiy embolus can be only larely indicated In 1938, there were 
collected 132 cases in w'hich the Tiendelenburg operation had been performed, 
with a mortality rate of 932 per cent Seven patients recovered There 
have been at least tw^o successful cases since that time It is clear that 
b^me lives have been saved w'^hich otherwise w^ould have been lost However, 
the unfavorable features aie (i) an extremely high mortality, (2) the 
requiiement of a veiy hasty ojDeration because of the short period of permissible 
occlusion of the pulmonary arteiy, (3) a too formidable operation in case 
of error in diagnosis, (4) an unsuccessful operation if the embolus is not 

of classical topography and m the typical situation, (5) the requirement of 

a specially tiained team, and (6) the limitation of operation to a rare 
clinical variety of pulmonary embolism 

It IS believed that some of the objections to the Tiendelenburg operation 
aie met in the operation which w^as performed in the following case 

Case Report — Mount Smai Hospital No 498441 E P, male, age 18, an athlete, 
had been well until 16 days before admission There then began a left lower lobe 
pneumonia, with treatment by sulfathiazole and subsidence in a few days Four days 
before admission there was an episode of pain m the right lower chest and shoulder, 
and fever, with subsidence The evening prior to admission there was an attack of 
left chest pain Three hours before admission there was a sudden access of left 
anterior thoracic pain, a chill and severe dyspnea His physician found signs of 
vasomotor collapse with a rapid thready pulse, cold and cyanosed extremities, and an 
unobtainable blood pressure 

This was the condition on admission at 10 am By ii ^o am there was some 
improvement, apparently the result of the administration of oxygen and morphine A 
systolic blood pressure of 85 was obtainable by auscultation An electrocardiogram 
revealed changes which were compatible with acute cor pulmonale or pulmonary embolus 
The chest film disclosed no definite abnormality in the lungs Papaverine was admin- 
istered intravenously and heparin shortly thereafter The improvement which began 
shortly after adm'ssion was transient By 4 pm the pulse was imperceptible at times, 
the systolic pressure 70, the patient sem comatose At 4 5o pm the patient was 
comatose and the general condition poor There was slight improvement thereafter, 
apparently the result of a transfusion of blood There were periods of partial conscious- 
ness but the pulse and blood pressure became scarcely obtainable, the heart sounds fa nt, 
and the vasomotor co’lapse extreme At the time of operation, 8 45 pm, the patient 
was not responsive and death appeared imminent 

Opeiation— l^ocal anesthesia was employed but there appeared to be little need 
for any form of anesthesia A right parasternal incision was made through the fourth 
and fifth costal cartilages and the adjacent portion of the sternum was removed with 
rongeurs A substantial proportion of the pericardium was exposed extrapleurally an 
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was incised The right auricle and ventricle which were pulsating with little force were 
well visualized By palpation the pulmonary artery appeared empty of thrombus, but 
of this one could not be sure Two parallel silk sutures were placed through the most 
prominent portion of the right ventricle and an incision through the wall of the ventricle 
was made between them The escape of blood was stopped effectively by the introduc- 
tion of an open-end No 34 F catheter (child-sized rectal tube) and the crossing of the 
sutures over the catheter The catheter was passed upwards the short distance necessary 
to bring it to the outflow tract of the pulmonary artery and suction was applied The 
blood was drawn and filtered into a flask containing citrate solution with the intention 
of returning it into the circulation When thrombotic material was not observed in the 
gauze filter the catheter was withdrawn from the ventricle and saline solution drawn 
through the system in order to see if a thrombus had been extracted The crossing 
of the two sutures after the withdrawal of the catheter prevented escape of blood from 
the ventricle The catheter was then introduced and removed a second time and, again, 
no thrombotic material was withdrawn The maneuver was again repeated, the catheter 
being passed into the pulmonary artery this time No thrombotic material was obtained, 
the catheter was withdrawn, the sutures were tied across the incision in the ventricle, 
and one additional suture was introduced and tied in order to stop some leakage of 
blood The duration of operation to this point was one-half hour Death occurred 
15 minutes later 

Autopsy — ^This disclosed an empty main trunk of the pulmonary artery Thrombi 
filled the right and left branches beginning in each instance 2 to 3 cm from the main 
trunk They extended into the smaller branches on both sides They were friable and, 
microscopically, revealed beginning organization The lungs showed infarcts on both 
sides The incision m the heart was found to be about 2 cm m length, situated m the 
anterior aspect of the right ventricle When tested with fluid in the ventricle it was 
found to be well closed 

COMMENT 

The foregoing operative procedure is simple, reasonably safe, and does 
rot require undue haste Special skill and practice and a special team are 
not needed The suction of blood, which results in some measure of decom- 
pression of a right ventricle laboring unavaihngly against the obstructing 
embolus, IS a desirable feature Hovever, the essential part of the operation 
13 performed blindly and does not provide assurance that suction will, in 
fact, engage the thrombus in the eye of the catheter A metal tube with 
an appropriately hollowed end would probably be more effective in engaging 
and extracting the thrombus Despite the fatal issue in the reported case, 
further attempts to extract a pulmonary embolus through the right ventricle 
appear justified 

Discussion — Dr Claude S Beck, Cleveland, Ohio This procedure described by 
Doctor Neuhof, I believe, has much to commend it I used this same method years ago 
m the experimental laboratory In these experiments a glass suction tube uas intro- 
duced into the right ventricle and directed into the conus arteriosus and pulmonary 
artery and emboli consisting of pieces of skeletal muscle were removed from the pul- 
monary artery The control sutures and the method of controlling hemorrhage were 
preciseb" the same as those described by Doctor Neuhof (Ref Beck and Cutler, Journal 
Experimental Medicine, 40, 375, 1924) I did not apply this method to human 
patients, and I refer to these experiments simply to indicate familiarity vv ith this method 

Anyone who has performed the Trendelenburg operation will agree with Doctor 
Neuhof tliat it is a formidable one Surgeons do not hav'e much taste for this operation 
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It IS difficult to get adequate exposure It is difficult to place the rubber tube under the 
pulmonary artery so that it can be elevated and controlled Orientation is difficult, and 
the aorta has been opened instead of the pulmonary artery In view of these considerations, 
the surgeon elects to undertake the Trendelenburg operation only after the patient has 
expired — when the risk of operation no longer exists It then becomes a race with time 
The oxygen system must be restored before irreversible damage to the breathing center 
takes place TJie chances of success under these circumstances are, indeed, slight 

This other method has several considerations in its favor Exposure of the right 
ventricle is not as formidable an operation as is exposure of the pulmonary artery 
Orientation is not difficult The right ventricle is readily recognized Control sutures 
are easib'' placed There is no special difficulty in making an incision in the right ventricle 
and controlling the wound so that it docs not bleed The conus arteriosus is accessible and 
it leads directly into the pulmonary artery A suction tube can be readily introduced The 
incision in the ventricle can be readilj’’ closed by suture 

There is another consideration in favor of this method It seems to me that this 
opeiation can be performed with relative safety Experience with the method will be 
necessary to determine this point If the operation can be undertaken with reasonable 
safety then it can be applied before the heart stops beating This would be an important 
consideration because it would remove the race with time, and every care could be 
taken to make it safe It should be emphasized that the heart beat is not disturbed in 
performing this operation The extraction of the clots need not interrupt the circulation 
The suction tube can be inserted as frequently as necessary to remove all clots A glass 
or metal tube is better tlian a catheter It is unfortunate that embolic material was not 
successfully removed in this first human patient The clots extended into the smaller 
branches on both sides These clots, no doubt, were extensions from the original 
embolus Eaily removal of the primarv embolus might have prevented formation of 
these secondary clots The best time to clear the vascular tree is early after the embolus 
strikes, and if the operation becomes a relatively safe proedure surgeons will be more 
inclined to apply it earlj' — before the patient dies 

Dr Alton OcnsNCR, New Oilcans, La I cannot refiam from speaking about this 
operation which Doctor Neuhof has described, and which of course is an ingenious one 
I think that we, as members of the surgical profession, should try to prevent these 
complications and not perform an operation that has to be undertaken immediately 
before death There is no reason why anyone should ever develop a pulmonary embolism 
now, I believe 

There aie two types of in(i avascular clotting, one which is associated with inflam- 
mation of the vein wall, i c , thrombophlebitis and another in which there is a bland 
thrombus with no associated inflammation of the vein The latter we have designated 
as phlebothrombosis 

The former seldom gives rise to embolism because Hie clot is firmly attached For- 
tunately, the condition is easily diagnosed Embolism rarely occurs in cases of sup- 
purative thrombophlebitis, which is usually associated with a pelvic infection In con- 
tradistinction to thrombophlebitis, in which the diagnosis is easily made, the diagnosis 
in phlebothrombosis is not obvious and can only be made by being on the look-out for 
it These patients get along fairly well postopcratively and have few symptoms By 
looking for vein tenderness the condition can be suspected and the diagnosis can be made 
b> phlebography These are the cases in which pulmonary embolism is likelv to occur 
because the intravenous clot is a red thrombus and is not firmly attached to the vein 
wall, and can be detached easily Ligation of the involved vein above the site of the 
thrombus will prevent detachment of the clot and pulmonary embolism, obviating the 
necessity of waiting until the patient becomes moribund, with a massive embolism, m 
order to perform the acrobatic surgery in order to remove the occluding thrombus in a 
dying individual 
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More impoitant than the prevention of the detachment of an intiavenous clot is the 
prevention of the oiiginal thrombosis This can usually be accomplished by increasing 
the circulation through the lower extremities Eveiy patient past 40 years of age, 
who IS put to bed at all, should have his extremities wrapped from his toes to his groin 
with ACE bandages In that waj’- the circulation m the deep veins is speeded-up by com- 
pressing the superficial veins 

Immediately postopcratively, when he comes back from the operating room, he 
should be placed in the Trendelenburg position, unless there is some contraindication, until 
he IS able to move forcefully his extremities 

If one will do tins and prevent tlie increased mtra-abdommal tension, and also 
pi event the deci eased 1 espiratory excursion, intravenous clotting usually can be prevented 
These patients, particularly the older ones, should be watched for vein tenderness 

We are all familiar with the work done by the Swedes a number of years ago in 
the Trendelenburg opeiation, and the story of how they sat at the patient’s bedside 
after he got his first pulmonary embolism, and waited until he was just about dead, 
and operated then They saved a few, it is tiue, but theie is no leason why we should 
allow this to occur 

I hope we will not have any moie papers on the lemoval of pulmonary emboli 
before this organization, an operation which should be of historical interest only 
Certainly, the way to prevent death from pulmonary embolism is to pi event the clot 
from being detached and getting into the pulmonary vein if thrombosis does occur If 
this IS done, pulmonary embolectomy is unnecessary 

Dr Claude S Beck I take issue with the wishful thinking of Doctor Ochsner 
concerning pulmonary embolectomy This complication will occur in the future and the 
development of any safe method for removal of pulmonary emboli will be a welcome 
contribution I am certain that we all go along with him m his attempts to prevent 
pulmonary emboli but I cannot simply assume that this complication will be wiped out 
and will not occur, and we need not concern ourselves with removal of pulmonary 
emboli The methods for prevention of pulmonary emboli have not become established 
or generally accepted An embolus may arise in the vein proximal to the site of ligation 
and a f&ir percentage of emboli arise from sources other than the veins of the legs 
They may arise from the abdomen and abdominal viscera Until it can be shown that 
this complication can be prevented, we shall be interested m treating pulmonary emboli 
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Injuries or the peripheral nerves which result from war wounds are 
usually associated with extensive soft tissue destruction and fractures of the 
bones In an}'^ event, they are contaminated or grossly infected so that the 
liberal use of the sulfonamide drugs at the time of injury or debridement is 
to be considered in an effort to control the course of the infection It is of 
importance, therefore, to know what effect the sulfonamides might have upon 
the repair and regeneration of the peripheral nerve If the use of the sulfona- 
mide drugs will allow a peripheral nerve wound to be repaired after a shorter 
interval following injury without the danger of the development of a sup- 
purating wound, and if they have no deleterious effect upon nerve regenera- 
tion, then the ultimate functional results of the repair of nerve injuries will 
be improved 

The aim in this study was to produce a wound with tissue destruction 
and severance of the sciatic neive, the severity of which could be compared 
to the usual wounds of modern warfare The wounds were produced at 
short range by 22 caliber, long rifle, lead-tipped' bullets whose tips were 
countersunk, or coned out, and which had a muzzle velocity of approxi- 
mately 1070 feet per second The wounds were" uniformly characterized 
by a small round entrance on the lateral aspect' of the'-thigh and a much 
larger, irregular and ragged aiea of exit on the m^tal aspect The left leg 
of the anesthetized cat was suspended with full- extension of the knee and 
the thigh slightly compiessed in its mediolateral axi& by two wooden surfaces, 
thus, immobilizing the soft tissues and reproducing the effect of an active 
muscle holding the nerve taut An adequate opening in the lateral com- 
pressing board presented an unobsti ucted path, for the bullet This method 
resulted m a faiily constant and uniform sevei'SijQ^ of the left sciatic nerve 
and less frequently a fracture of the femur Withdut compression of the 
thigh the nerve was usually only contused and pushed aside by the bullet 
Prior to the injury, the animal’s thigh was shaved in order to prevent a too 
virulent and too massive wound infection After the bullet wound was in- 
flicted, a simple clean gauze dressing was applied and allowed to remain in 
place until the wound was debnded ^ 

♦The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Deve op 
ment and Northwestern University 

Read before the American Surgical Association, May 3-4, I944> Chicago, II 
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Debndetnent of the wound and simultaneous lepair of the nerve were 
performed immediatel), and at vaiious inteivals, until 48 hours after the 
mjur}' Of the 217 gunshot wounds studied, 74 w'eie debiided immediately 
after injur}, 27 after 6 hoiiis, 15 aftei 12 houis, 26 after 18 hours, 53 after 
24 hours, and 22 between 24 and 48 houis Neivc lepaii and closure of 
the wound were performed in exciy animal despite the length of lime w'hich 
had elapsed between the injury and debiidement All suigical procedures 
were iiiidei taken with stiict aseptic piecautions Wound lepaii w^as pieceded 
by cleansing the skin thoiouglih with soap and watei, followed by iodine, 
alcohol, and di aping The exit wound on the medial aspect of the thigh 
was first rcpaiied The debiidement was complete, insofar as all question- 
ably deMtah7cd tissue was completely excised The skin edges weie trimmed, 
the edematous subcutaneous tissue and the tiaumati 7 ed dusky led, or puiple, 
discolored muscle was leinoxcd All foreign bodies w'cre removed The 
wound was irrigated with saline solution and closed m la}ers wnth inter- 
rupted silk sutuies and skin clips The same piocedme was used in closing 
the wounds of entrance, except that the exposure of the injured nerve re- 
quired an incision sufficiently long to reflect the lateial musculature of the 
thigh 

Repair of the nerve w'as cairied out after complete debiidement and 
irrigation of the wound had been accomplished The bullet produced an 
irregular and ragged sexeiance of the nerve, and the neive fascicles pro- 
truded from the epmeurium and penneuiium of the toin ends The epiiieu- 
num had usually reti acted for a distance of thiee to eight millimeters Small 
blood clots were found around the epineuiium and perineurium, and the 
epmeurium appeared swollen, glossy, and seemed to contain clear fluid 
Ecchymosis, discoloration, and edema affected both torn segments for a 
distance of 10 to 15 millimeteis, and the nerve showed a parallel striation 
which was perpendicular to its course, and resembled muscle sti lae Although 
the course of the bullet had been stiaight when piercing the thigh, the shot 
canal was found not to be continuous because the muscles had changed 
their position and state of contractuie Thus, the 1 elation of nerve to 
muscles xvas changed xvhich explained that frequently the contused or torn 
nerve was no longer m the area of muscle destiuction Nerve repair con- 
sisted of a local neuiolysis, tiimmmg of the ragged nerve ends, resection 
of the severely contused neive tissue, and end-to-end suture, or implantation 
of a fresh homogenous graft depending on the amount of neive destruction 
The suture material used was fine black silk 

The gross appearance of the wounds surgically treated after six hours 
was indistinguishable from that immediately after injury, except for an 
occasional edema Wounds which remained untreated more than 12 hours 
after injury presented characteristic signs of infection The traumatized 
tissues became necrotic, grossly edematous and developed an offensive 
odor In several cases the entire thigh and leg was tumefied and grossly 
edematous The most common organisms found (bacterial cultures taken 
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just prior to debridement) were B coh, nonhemolytic Sti eptococciis 
Staphylococcus alhus, B pioteus, B suhtihs, and an occasional diplococcus 
In a series of animals, various sulfonamide diugs were introduced locally 
into the wound at the time of debiidement The drugs used were powdered 
and crystalline sulfanilamide, powdeied sulfathiazole, and sulfadiazine They 
were distributed evenlyr over the entire wound before closuie One-tenth 
giam (o I Gm ) of drug was used per pound of animal weight, giving an 
aveiage of o 7 Gm in each wound The implanted powdered drugs devel- 
oped a paste-hke consistency, especially around tlie nerve, and w'ere absorbed 
so slowly that three to seven days weie required before they had disappeared 
fiom the \vound sui faces Sulfanilamide was used in 37, sulfathiazole in 
35, and sulfadiazine in 24 animals, A\hile the wounds of 48 animals were 
not treated with any chemicals 

In 51 instances in which debiidement was performed 24 hours or more 
after injury, a sulfathiazole jell}'- was introduced into the bullet tract at the 
time the wound -was leceived This jelly is water-soluble and contains 
sulfathiazole in a concentration of 5, 15, 01 25 per cent Three to five cubic 
centimeters of jelly w^as introduced into the depths of the wound from a 
metal tube thiough a fitted flexible metal conduit These wounds were 
debiided in the same w^ay as in the other animals and, in forty, sulfonamides 
were po\vdeied into the wounds befoie closure The sulfathiazole level m 
the blood was detei mined at the time of debridement The average level 
was I 69 mg fo after 24 hours and o 33 mg % aftei 48 hours 

In spite of a caieful debiidement perfoimed immediately after inflicting 
the gunshot wound, the late of infection and foimation of extensn^e abscesses 
which burrowed along the couise of the sciatic neive and the fascial planes 
of the muscles was very high when the sulfonamides weie not used in the 
wounds locally The rate of massive infections inci eased the longei debride- 
ment was delayed Thus, in the series in which no sulfa drugs weie implanted 
massive infections weie encountered in 382 per cent of the 34 animals 
treated immediately after injury, and in 429 per cent of the seven animals 
operated upon six hours after injury In the ii animals debnded within 12 
to 18 hours after injury, massive infections developed m 54 5 pei cent of 
them, and this incidence grew to 83 3 per cent of the six animals treated after 
an interval of 24 hours These infections usually became apparent five to 
seven days after debiidement, repair, and closuie of the ivounds, and most 
of them developed rapidly into generalized septicemia and death, even though 
drainage was instituted as soon as the infection was noticed 

The local application of the sulfonamide drugs in the wounds at the time 
of debridement did not completely prevent the formation of infection In 
this group of animals the rate of infection was also directly proportional to 
the period of time which had elapsed before the wounds were treated* The 
incidence of infection was 5 o per cent of 40 animals when the wound was 
treated immediateljr with powdered sulfonamides or sulfathiazole jelly, 10 
per cent of 20 wounds debnded after 6 hours , 26 6 per cent of 30 animals 
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treated within 12 to 18 hours, and 55 5 pei cent of 18 animals treated after 
24 hours 

The immediate intiodiiction of snlfathiazole jelly into the wmund 1 educed 
the incidence of infection, cspcciall} in the wounds whose lepair was delayed 
for 24 to 48 hours When no furthci sulfonamides were used the late of 
infection was 363 per cent of ii animals, and this figure w'as 1 educed to 
22 5 per cent in 40 cases w hen pow dei ed sulfonamides w ere implanted m 
the wound at the time of dehridement 

The toxiciU of the dings as manifested in this senes, lies somewhat in 
the realm of conjecture Fourteen animals died wnthiii two to four days 
after surger) from uncertain causes Nine of the deaths occurred piior to 
the use of the jelh, and five of these animals leceived no chemicals, wdiile 
the other four were treated with sulfanilamide and snlfathiazole at the time 
of debridement The remaining fi\c animals were in the jelly series, three 
of which also received sulfanilamide one snlfathiazole. and one sulfadiazine 
at the tune of debridement Careful autopsies rexealed no clues related to 
the cause of death The kidne}S of 18 animals were studied histologically 
and failed to present the changes reported as due to the use of sulfonamides 
The considerable amount of large fat droplets in and around the convoluted 
tubules has been reported in normal cats and there is no reason to believe 
that the drugs should produce any lipoid degeneration The blood levels 
obtained after the introduction of the soluble snlfathiazole jelly in the w^ounds 
also speaks against the probability of a toxic effect Furthermoie, in the 
course of experimenting upon such a large number of animals, an occasional 
debilitated cat xxas used, and it is only logical that such an animal wmuld 
succumb from the traumatization or experience a fatal postopeiative course 

The extensive debridement of muscle and nerve considerably changed 
the original nerxe bed, the surfaces and the relation of the surrounding 
tissues These changes produced an extensive scai formation, and dense 
adhesions w^ere found around the repaired nerve and usually embedded the 
suture lines and both central and distal segments for a distance of 10 to 15 
millimeters above and below*^ the suture line, xvhich w'as ahvays moderately 
swollen The adhesions w'eie much more severe than those found in other 
series of animals in wdiich aseptic nerve sections and sutures xvere pei- 
formed Because of the severity of the posttraumatic scar formation only 
little diflference could be noted between the wounds which xvere treated with 
the drugs and those which were not In a few instances, how^ever, thicker 
and firmer adhesions have been noticed following the use of sulfanilamide 
powder The use of the sulfathiazole jelly did not alter the amount of adhe- 
sions around the nerve and did not seem to hinder tissue repair, in any 
noticeable way 

From the bactenologic cultures and the high frequency of serious infec- 
tions, It IS evident that the wounds resulting from gunshot injuries in our 
experimental animals showed a maximum of gross contamination and of 
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tissue damage It was not possible to reduce the seriousness ©f these infec- 
tions with immediate thorough cleansing and careful wound excision and 
perform a satisfactory nerve suture and primary closure at the same time 
However, the incidence of infection, when wound cleansing, debridement, 
neive repair and closure were performed within 12 hours after injury, was 
lower m the series of animals in which the sulfonamide drugs were applied 
locally to the wound 

Another purpose of these experiments was to find out how long debride- 
ment followed by immediate nerve repair and wound closure could be delayed 
without a prohibitive incidence of infection There was a high incidence 
of infection when debridement was delayed more than 12 hours , it was very 
high when the delay was 24 hours or more The introduction of sulfonamides 
into the wound reduced the incidence of infection only slightly, and it seemed 
that immediate nerve repair ajtei 12 hours was doomed to failure During 
the delay the infection had already progressed to such an extent that debride- 
ment and local chemotherapy proved ineffective Since all gunshot wounds 
are grossl}' contaminated, it was only logical to think that local chemotherapy 
applied earlier could overcome, or at least reduce, the developing infection 
It IS not possible to introduce the powdered or crystalline drug into the 
tortuous and complicated wound adequately, and for that reason a sulfathia- 
zole jelly was used which could reach most of the crevices and recesses of 
the wound The introduction of this jelly into the wound immediately after 
the gunshot injury was inflicted reduced the incidence of infection in all of 
the experiments upon delayed debridement 

If the sulfathiazole jelly prevents bacterial invasion, its effect is only 
temporary and, theiefore, cannot altogether prevent the formation of a later 
infection in a delayed wound The early introduction of the jelly is only a 
preventive measure and there are no reasons to minimize the necessity of 
surgical asepsis All such wounds need to be adequately cleansed, debrided, 
and have additional local sulfonamide therapy before closure to obtain the 
best results Thus, the incidence of infection in wounds repaired 24-48 
hours after injuiy was reduced from 833 per cent in six animals to 225 
per cent in 40 animals, when sulfathiazole jelly was introduced into the 
wound immediately .aftei its 1 eceipt, and sulfonamides were powdered into 
the wound at the time of debiidement 

In another group of 156 cats the left sciatic nerve was sectioned sur- 
gically , in one group under aseptic conditions and another group without 
sterile precautions The nerve was sectioned and repaired immediately by 
end-to-end sutuies in 34 cases, by implantation of an autogenous graft in 
57, and by implantation of a homogenous graft in 65 cases Seventeen of 
the animals operated upon under septic conditions developed an uncontrollable 
infection and were disregarded for further histologic or clinical studies In 
the remaining 139 animals, powdeied sulfanilamide was used around the 
repaired nerve of 26, sulfathiazole in 28, and sulfadiazine m 23 animals, 
the remaining 62 animals w'cre not treated with any of the drugs and were 
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consideied as contiol expenmenls One-tenth gram of the powdered sulfona- 
mide dings'^ A\as spnnkled aiound the exposed sciatic neives pei pound of 
the ammal's eight, the a\eragc dose was o 7 Gm 

In two animals foi each chug, the exposed sciatic nerves w^eie not sec- 
tioned, but sulfanilamide, sulfathia/ole and sulfadiazine were implanted about 
the iiene tiiinkb and the wounds weie observed at fiequent intervals for a 
period ot 48 and 72 hours The neive was then lemoved foi study After 
two hoiiis the powdeied dings became wet, after five hours the material 
gatheied in laige chimps aiound the nene, and the piesence of clear fluid 
could be seen in the wounds This seious exudate increased steadily for 24 
houri, some of the sulfanilamide, sulfathiazole, and sulfadiazine powder had 
been absorbed, howe\ei, most of it clung in small clumps to the nerve itself 
After 48 hours a laige amount of the sulfanilamide had been absorbed, while 
the sulfathiazole and sulfadiazine clumps were loosel}" adheient to the nerve 
and Its surrounding tissues These clumps had the appearance of curdled 
milk and the consistenc) of chewed gum After 72 hours small clumps of 
sulfanilamide powder weie ‘^till adheient to the nerve, wdiile the other drugs 
were still piesent in laige amounts 

The wounds treated with the sulfonamide compounds were characteiized 
by an inci eased amount of adhesions fixing the ner\e to the sui rounding 
tissues The inciease m the amount of adhesions between the epineunum 
and the surrounding muscles was a constant finding in both end-to-end 
sutures and in graft repairs, w'hether or not the operation had been performed 
wnth an aseptic or septic technic These adhesions had a silvery, spider 
web-hke appearance could be easily torn, and weie moderately vascular 
They were thicker and more extensive about the grafts, and in some instances 
fixed the graft to the surrounding tissues so that the nerve had to be dissected 
away This distal sutuie line of the giafts w^as usually thicker and more 
often adherent to the surrounding tissues than the central sutuie, and this 
condition was more maiked in homogenous grafts How^ever, thicker adhe- 
sions and more prominent central and distal suture lines were observed in 
the grafts treated with the sulfonamides In general, it appeared that the 
nerves treated wnth sulfanilamide powder showed moie adhesions than those 
in which the other two compounds w ere used , however, this difference was 
small and could easily be o^rlooked 

No conclusive evidence was found that the regeneration of nerve fibers, 
axis cylinder formation, myelinization, or the absorption of myelin decom- 
position products was changed by the use of the sulfonamide drugs The 
deviation and abnormal distribution of regenerating nerve fibers were ob- 
served regardless of whether a strong mesodermal suture reaction or an 
epineural reaction was traumatic, infectious, or was caused by the mutation 
of the sulfonamide drugs 

* Fine crystalline sulfanilamide, sulfathiazole, and sulfadiazine powders were used 
in all the experiments 
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The sulfonamide drugs did not interfere with the neurotization of an 
autogenous or homogenous graft, or the distal segment However, m the 
homogenous graft senes an heteromorpl.ous neurotization of the graft was 
found m all of the sulfonamide-ti eated animals, whereas similar grafts 
m untreated animals showed iji all instances some degree of isomorphous 
neurotization 


Discussion —Dr Howard C Naffziger, San Francisco, Calif The work of 
Doctor Davis, and his associates, has indicated that for experimental wounds in animals 
the use of the sulfonamide drugs has effected a striking reduction in the incidence of 
infection Their conclusion that, microscopically, the drug showed no significant effect 
on the regeneration of peripheral nerves is supported by Hinsey’s laboratory experience 
He believes that regeneration is neither accelerated nor retarded 

In Davis animals, however, there were more adhesions in the wounds and more 
fibrosis The degree of reaction varied with the particular drug Their findings m 
peripheral nerve tissues tn vivo agree with the results obtained by Saundfers and Hay- 
maker on the central nervous tissues of clucks m tissue culture In both instances 
sulfadiazine headed the list as the greatest irritant, while sulfanilamide caused the least 
1 eaction 

Of the sodium salts, sulfadiazine is most toxic to growing tissue The irritant and 
sclerosing effect of such drugs recalls to me four cases which I saw recently m England 
In all of these sulfapyridine had been injected into the muscles of the posterior aspect of 
the thigh in the course of treatment of some infection Sciatic paralysis ranging from 
sivere to complete lesions resulted In one sciatic nerve seen at operation the injection 
evidently had been into as well as about the nerve, resulting in a terrific production of 
scar tissue intraneurally and over a considerable distance along the nerve 

What should be our attitude toward early suture of the nerve in contaminated wounds, 
particularly those of warfare^ In civilian life, divided nerves in incised wounds, or in 
lacerated wounds with little associated contusion, may, under favorable conditions, be 
sutured primarily In battle wounds such conditions rarely prevail 

The length of time between injury and arnvai at a hospital with suitable personnel 
and equipment will be many hours or days Operations upon peripheral nerves are de- 
tailed and too time-consuming to be performed amid a rush of urgent cases Associated 
in’uries to bones, joints and soft tissues are the rule 

The loss of some length of nerve requires surgical ingenuity to approximate the ends 
In the early stages the amount of resection required for the damaged ends may be debat- 
able The long incisions to mobilize the nerve and the extensive dissections to preserve 
tne branches are not to be undertaken in contaminated wounds The appropriate positions 
of bones and joints to permit approximation of the ends of the nerves may not be 
permitted by the exigencies of the associated injuries 

It IS recommended, then, that, as a primary procedure at the time the wound is 
trimmed, the untrimmed ends of the nerve be approximated with a wire suture if possible 
This prevents retraction and displacement and facilitates later identification at operation 
It has been the experience in this war that such divided nerves may then be suitably 
lesected and sutured at an early date after healing of the wound Experiments indicate 
that early suture favors the best regeneration, and clinical experience shows that t 
earlier function can be restored, the fewer will be the irreversible changes in muse es 
and joints, and the more complete will be the recovery 

In War I, the protracted sepsis in bone caused long delays in the repair of nerves and, 
even after healing, many weeks elapsed before the extensive operations required cou 
be undertaken 

The experimental work of Doctor Davis, and his associates, and the clinical experi- 
epces m this war, in which there is less sepsis and more prompt healing of woun s, 
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indicate that far earlier suture of ncr\cs may be performed safely and that the use of 
sulfanilamide will not prejudice the result 

Lebedenko has reported a large senes of repairs of nerves, undertaken not later than 
two weeks after healing of the wound, with an insignificant percentage of infections 

Earlj rather than primary repair of the ner\c is the goal With decreased infection, 
speedier healing of wounds and prompt repair, the results of surgery of the nerves may be 
expected to show great inipro\ eiiKiit 

Dr B\rox STOOKfY, New York The problem of ner\e repair m war is one of 
meeting a nerve defect, and if there is anj thing we can do to prevent a nerve defect 
or at least niinimirc it, it will make for easier repair and a more complete return to function 
Doctor Davis has shown that with the use of sulfanilamide the nerve ends can be 
brought together earlier than thej could otherwi*'e This means less retraction of the 
nerve ends, and as Doctor NafTzigcr said, if the new wire tantalum is used, which will not 
increase and retain the infection, then the retraction which takes place, and the fixation 
of the nerve in distal scar, can be overcome and at least minimized 

Therefore, the amount of nerve deficit to be overcome at the time at which definitive 
repair can be made is efiiciently lessened Then an easier end-to-end suture is accom- 
plished, and less demand for a nerve graft or other measures to bring about an end-to-end 
nerve suture is necessary 

Also, earlier repair can be accomplished, therefore less secondary changes in the 
periarticular structures, and degeneration in the muscles themselves Consequently, any 
method which can be devised permitting end-to-end suture, easier, with less tension? and 
earlier, ccriainl} offers a tremendous advantage over the type of injury which we saw in 
tlie last war, which as Doctor Naffzigcr said, permitted suture only after a relatively 
Icng delaj 

With the advent of the sulfamlamidcs, not onlv applied locally but the possibility of 
taking these internallj, certainly it would permit an earlier suture It is interesting 
that Doctor Davis’ work shows that the application of the drug locally interferes m no 
V ise with the down-growth of the neuraxis and the repair of the nerve itself 

It is important to know that the drug docs not increase the scar tissue within the 
nc-ve, and that the amount of increased scar found docs not interfere with nerve regenera- 
tion 


Dr Frederick L Reichert, San Francisco, Calif Those who teach surgery would 
welcome the article in the United States Naval Medical Bulletin for February, 1944, on 
“Working Rules in the Field,’’ by Comdr Holman, with the assistance of Col Oughterson, 
and a number of others 

They state, in chosen words, that with nerve injuries approximate the nerve ends 
with silk or wire, not to make a complete suture but to get the ends together , fix the 
joints in order to relax those nerves whose parts have been destroyed They emphasize, 
in just a few paragraphs, the importance of the sulfonamides in the wounds, as Doctor 
Davis has pointed out, experimentally, and they emphasize from actual experience the 
necessity of approximating nerve ends, not suturing them but getting them into position 
so that at a subsequent time suture can be undertaken 

Dr J Albert Key, St Louis, Mo This paper is important to me on account of 
tne local use of sulfonamides I saw Doctor Meleney this morning, and he said he still 
was not ashamed of the report which he read last year before this Association, and that 
everything he had heard since he read that report had tended to confirm the opinions 
expressed in it, namely, that sulfonamides do not reduce the incidence or the severity of 
wound infections when used locally 

I do not think he can see anything more convincing than this I do not know what 
is the matter with New York City It may be that new knowledge cannot penetrate the 
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catacombs, or it may be that facts get lost in that punch-card machine which they use, but 
It seems to me that everything I have seen or heard during the past year has confirmed 
iny opinion that local sulfonamides should be used in wounds, and that this is further 
proof of that theory 

Dr Frank L Meleney, New York I had not intended to discuss this paper, but 
I am willing to stand back of what I said to Doctor Key this morning 

I think these are very interesting experiments that Doctor Davis has carried out 
I would like to point out, however, that the work has been done with cats, which are 
quite dissimilar to human beings in their reaction to infection They are usually much 
mere resistant to infection than human beings, and yet he has found a high incidence of 
infection among his controls 

Going over the figures, although the groups are small, I find that there is a con- 
sistency which IS hard to get away from, and all of them (except one or two of the 
smaller groups) fulfill the requirements of the biostatisticians as to significance 

I think, therefore, we will have to accept those figures, and his statement that the 
sulfonamides have definitely reduced the incidence of infection under the experimental 
conditions with which they have been used m his study 

One of his statements, however, seems inconsistent, namely, that by 12 hours’ time all 
of the wounds showed evidence of infection, and yet his figures for infection, both in the 
controls and in the treated cases, were considerably below 100 per cent Does Doctor 
Davis mean that the infection seen at 12 hours subsided spontaneously in certain of the 
contrql cases and in a higher number in the treated cases’ It is in these groups in 
which no prophylactic drugs were used for 12 or 24 hours that the figures do not meet 
fhe full requirements of the biostatisticians as to significance 

We will await with interest the reports from the front as to the efficacy of these 
diugs in human cases under combat conditions I have yet to see a large series of well- 
controlled figures which have come from the front which bear out Doctor Key's contention 
Doctor Elliott Cutler has reported a small series of controlled cases with about 100 
in each group, treated and nontreated, in which the incidence of infection was almost 
identical with our own figures, and showed no lowering of that incidence in drug-treated 
cases The reports that Capt Ferguson brought back were entirely without controls, 
and I am still going to maintain the accuracy of our observations until I can see some 
really convincing reports of well-controlled studies made by urfprejudiced observers 
I believe that the sulfonamides minimize the gerjeral spread of infection and thus lower 
the incidence of sepsis and death, but something interferes with the r local action in the 
presence of damaged tissue so that they do not lower the incidence of local infections in 
wounds The problem of the prevention of local infection in wounds still remains to 
he solved An appraisal of penicillin is now under way 

Dr Loyal Davis (closing) I find myself involved in a discussion between Doctors 
Meleney and Key about the use of the sulfonamides I want to make it clear in the 
beginning that I have simply attempted to present the results of experiments without bias 
The following colored slides will show the gross effects of gunshot wounds of 
nerves at various intervals of surgical debridement following injury m which sulfanilamide, 
snlfathiazole, and sulfadiazine were used The point which we wish to make is that the 
best method of treatment for peripheral nerve injuries is an end-to-end suture performed 
as soon after injury as possible The effect of infection upon the results of periphera 
nerve suture has been well established It is our opinion that these experiments give 
support to the view that if the sulfonamides are used at the time of debrjdement in gun 
shot injuries and if a peripheral nerve suture must be done several months later because 
of concomitant injuries to bone and soft tissue, then that wound so treated can be incise 
and the nerve sutured with less danger of lighting up an infection than if the sulfonami es 
had not been used Further, our position is that we have no microscopic evidence w ic 
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would show that regeneration of nene fibers is interfered wnth by the sulfonamides We 
arc in entire di'^agrecmcnt with the opinion that the ideal method of treatment is to 
dclai the sutuic During that pciiod of delay the effector mechanisms have so suffered, 
in that there will be an atrophj of muscle and fibiosis of joints, that even if nerve regenera- 
tion occurs the i csult will be pool In the European Theatre of Operations we saw many 
c< scs of soft-tissue iiijurj and fractuies of bones complicated by peripheral nerve injuries 
which had been receued in the Noith Afiican campaign When they arrived m England 
the wounds were healed, and in a laige number of them the sulfonamides had been used 
at the time of the first surgical trimming of the w'ound These w'ounds were incised, the 
1 er\ es sutured after the bone had healed or skin grafts had been applied, w'lthout develop- 
ment of infection We made it a rule to introduce sulfonamides locally into the wounds 
at the tune the peripheral ner\cs were sutured The emphasis, therefore, should be 
11)1011 the practical surgical aspect of repaiiiiig a peripheral nerve injury as early as 
possible in order to obtain the best possible functional result 


503 



THIOUEACIL IN THE PREPARATION OP 
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FROM THC DCPARTMCNT OF SURGERY BOSTON UNIVFRSITV SCHOOL OF MEDICINE AND THE 
MASSACHUSETTS MEMORIAL HOSPITALS AND FROM THE THORNDIKE MEMORIAL LABORATORY 
THE SECOND AND FOURTH MEDICAL SERVICES (HARVARD) BOSTON CITY HOSPITAL AND THE 
DEPARTMENT OF MEDICINE HARVARD MEDICAL SCHOOL, BOSTON, MASS 

Eatery physician and surgeon realizes that a method which can be used 
to loAA^er the metabolism and improve the clinical condition of the thyrotoxic 
patient before opeiation is of the greatest importance Those of us Avho have 
operated upon toxic goiteis m the pre-iodme era recall very clearly the tre- 
mendous deciease in the mortality and morbidity of these cases after Henry S 
Plummer taught us to prepaie the patients Avith Lugol’s iodine solution In 
spite of the many benefits produced by iodine m the management of toxic 
goiter, hoAvever, everyone realizes that it has left much to be desired in many 
cases Some patients do not have a return of their metabolism to normal and 
are still toxic after prolonged iodine treatment Multiple-stage thyroidectomies 
are still necessar}'’ m a small percentage of cases regardless of the time or type 
ot pieoperative iodine treatment Whth the recent addition of thiouracilt to 
the surgeon’s ainiamentarium it Avould appear that we have at our command 
an agent AA'hich aviU reduce the toxic thyroid patients’ metabolism to normal, 
Avill produce a i emission of symptoms and a gam m Aveight before surgery is 
undertaken In fact, it is distinctly possible that surgery will, in the near 
future, be unnecessary in many exopthalmic goiter patients 

The medical treatment of hyperthyroidism with thiouracil is the direct 
result of about three 3^ears of research Avoik on goiter by pharmacologists, 
endocrinologists and clinicians, and is an outstanding example of the results 
that may accrue to medicine from the combined efforts of men in different fields 
Avho concentrate on a single problem Physicians have known for many years 
that certain drugs Avould produce goiter, but not until 1941 were agents dis- 
covered which were goitiogenic in animals in spite of the administration of 
iodine The hyperplasia and hypertrophy of the thyroid Avas apparently a 
work hypertrophy of the gland resulting from a cessation of the production 
of the thyroid hormone 

Kennedy and Purves^ gave rats a diet of brassica (rape) seeds and pro- 
duced goiters which histologically showed hyperplasia and hypertrophy of the 
acini with a complete absence of colloid It is most important that these changes 
are not affected by iodine feeding MacKenzie and MacKenzie“ produced the 
same result by giving rats sulfonamides and thioureas They concluded that 
these drugs produced a depressing influence on the functional activity of the 
thyroid and hence on the basal metabolism Richter and Clisby,^ also, in this 
same year reported similar experienc es following the use of phenylthiourea 

* Read before the American Surgical Association, May 3-4, 1944) Chicago, 111 
■f Thiouracil was supplied by Lederle Laboratories, Inc, Pearl River, N Y 
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AshNOod/ in 1943, repoitcd his studies on the chemical nature of io6 
compounds which inhibit the function of the thyroid gland He found that 
thiouracil was the most goitrogenic of these and was, theiefore, probably the 
best drug to try in the clinical tieatment of hyperthyroidism 

As a result of this and other expeiimental woik, Astwood^ first tried 
thiourea and latei thiouracil for the treatment of three thyrotoxic patients A 
fall in the basal metabolic rate occuned with a concomitant clinical im- 
pro\ ement 

Williams and BisselF next leported the use of thiouracil in nine more 
patients with h} perth} roidism, all of whom made similar clinical improvement 
and had a fall in their basal metabolic rate to normal Still later, Williams 
and Clute” reported on the treatment with thiouracil of 72 patients with thyro- 
toxicosis, the majority of w^hom obtained a normal metabolic rate and a remis- 
sion of the disease It is apparent that thiouiacil reduces the metabolism 111 
h) perth} roidism to normal and pioduces a regression of the clinical symptoms 
of the disease 

We wish to report today, with especial reference to the surgical aspects, 
our experiences m treating 1 1 5 thyrotoxic patients wuth thiouracil only, or with 
thiouracil and th} roidectomy Of these 115 patients, 81 were treated with 
thiouracil without surgery and 34 w'ere treated w-ith thiouracil and surgery 
The results to date of the purely medical treatment of 50 cases have been 
reported by Williams and Clute " In the great majority of cases the basal met- 
abolism became normal and the toxic manifestations of the disease disappeared 
When the protein-bound iodine of the plasma w'as studied it returned to normal 
after thiouracil therapy Furthermore, all patients who have continued to take 
thiouracil have remained in a normal state 

In view of these observations, one naturally asks the question, “In what 
cases of hyperthyroidism should w^e perform a thyroidectomy, and in which 
ones can thiouracil be used wuth thyroidectomy^” This question cannot be 
adequately answered until a large number of cases ti eated with thiouracil have 
been followed for several years 

While awaiting further knowledge on this subject, it has been our plan to 
perform a thyroidectomy in the following situations (i) In patients having 
a very large goiter, (2) in patients who live far away and cannot readily have 
frequent check-up examinations, (3) in patients who through ignorance or 
temperamental difficulties cannot be depended upon to carefully follow medical 
treatment , and (4) in the small number of cases who have undesirable reac- 
tions to thiouracil 

Thirty patients whom we have operated upon after thiouracil treatment 
have had typical uncomplicated exophthalmic goiter Four cases have been of 
toxic adenomatous goiter In this disease we believe that surgery is desirable, 
because there is a large mass of thyroid tissue in the neck, and also because 
of the chance of later substernal extension We have not treated any single, 
discrete adenoma with thiouracil since we believe these cases must all be 
treated as premalignant lesions and removed We have treated with thiouracil 
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15 patients with persistent or recurrent toxicity after thyroidectomy Some 
of these subjects had been operated upon two or three times All have 
lesponded satisfactorily to thiouracil, and, thus far, further surgery has not 
been necessary This has been one of the most helpful uses of the drug that we 
have encountered ' 

The preoperative preparation of thyrotoxic patients with thiouracil is 
considerably more simple than it is with iodine The average patient with 
hyperthyi oidism, who is not seriously ill, is sent to the hospital for a general 
examination, a basal metabolism test, and for examination of the blood and 
urine She is then started on thiouracil in doses of o 2 Gm three times a day 
at about eight-houi intervals Within a day or two, depending somewhat on the 
patient’s undei standing of the problem, the great majority of the patients are 
sent home to take o 6 or o 4 Gm of thiouracil a day The patients are per- 
mitted to cairy on with their usual woik but are requested to return at inter- 
vals of two weeks for a check-up metabolism and blood test 

A careful follow'-up is most important in these patients They must not be 
lost sight of, because of the dangei of possible complications from thiouracil 
Some particularly uncooperative or ignoiant patients have been kept on the 
ward because we feaied that they would not return for follow-up studies or 
that they would not continue their treatment 

The length of time necessaiy for the metabolism to return to normal varies 
with the severity of the intoxication and probably even more with the type of 
gland piesent A toxic patient who has taken iodine for a long time and has 
marked stoi age of colloid m the th} roid will respond to thiouracil much more 
slowdy than a patient who has received no iodine This seems to be related to 
the colloid content of the thyroid acini and particularly to the amount of thy- 
roid hormone stored in the gland 

We treat patients with thiouracil for about five weeks preceding thyroidec- 
tomy During this interval the patient is given thiamin chloride, 5 daily, 
and urged to eat food containing much carbohydrate and protein 

When, from clinical examination and basal metabolism tests, the patient 
appears ready for surgery, she is admitted to the hospital Usually, she is 
operated upon two days after entrance and returns home on the sixth or sev- 
enth postoperative day 

Exceptionally toxic cases and thyrocardiacs are kept in the hospital under 
immediate supervision until the patients are either well enough to go home to 
continue their preoperative treatment, or are ready for surgery One unusually 
sick patient (Miss B LaB ) with exophthalmic goiter may be briefly cited 
Her thyroid gland was eight to ten times normal size She entered the hospital 
on the verge of a gastro-intestinal crisis She was given Lugol s solution, 
intravenous fluids and glucose, and after 17 days was taken to the operating 
room for ligation of the superior poles of the thyroid Her pulse varied on the 
table between 160 and 180 No operation was undertaken Thiouracil treat 
ment was started and iodine gradually withdrawn within ten days After 
three weeks she impioved sufficiently so that a hemithyroidectomy was sue 
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cessfull} cairied out Six ^^eeks later the metabolism had fallen to normal and 
the left lobe of the thyioid was removed Thiomacil helped veiy greatly in 
tins case when it became apparent that the patient w'ould not lespondto iodine 
We beheie, fiom latei expeiiences, that longci preopeiative tieatment with 
thiouracil would piobabh haie peimitted a safe one-stage thy i oidectomy 
Certain patients, peihaps ten per cent, haie complications from thiouracil 
of sufficient dcgice to necessitate discontinuation of the diug The most 
serious complication that has been repoited is agianuloc} tosis This appeared 
in one of Astwood’s six eaih cases, and m one of Williams' and Clute's’’^ 
cases In one of these patients much largei doses of thiouracil w ere used than 
are now behe\ed necessary In some cases leukopenia has occuired, but with 
a deci ease in dosage it has been possible to continue w ith the drug The blood 
picture in each patient and especialK their clinical condition must be followed 
carefully in order to a\oid complications 

Seieral patients developed a morbilliform lash, wuth itching, which soon 
disappeared, although treatment was continued Three patients developed 
urticaria In one case this disappcai cd wdien thiouracil w'as stopped for a few 
da}s, and did not return when it was again staited In the tw'o other patients 
the urticaria, joint pains and fe\er w'ere so seveie that the diug w^as stopped, 
iodine was gnen and surger^^ was undertaken It is wnse, we believe, to give 
thiouracil w ith great care to any patient know n to have an} allei gic symptoms 
Other milder reactions occurred from thiouracil, such as nausea and vomiting, 
but w ere nei er sufficiently sc^ ei c to necessitate stopping the use of the drug 
The clinical improvement in these cases w’as usually noticeable in a few 
days after starting thiouracil unless the patients had been taking iodine for a 
long time lodmized patients responded more slowdy than others The changes 
in the basal metabolic rate are best show^n by the chai ts (Figs 1,2 and 3) The 
patients felt better and appeared improved days before their metabolism showed 
any major change 

During the period of preoperative preparation, usually, the thyroid gland 
became smaller and firmer The active pulsations, thrills and bruits tended to 
disappear In some cases the goiter seemed to become larger as treatment 
progressed, but this was unusual 

Tn most patients having a stare and a wudened palpebral fissure, improve- 
ment' in the •eyes occurred a^ their general condition improved In five cases 
there was marlced-ederfia of the lids with exophthalmos, such as one sees early 
m pases of malignant exophthalmos, and these patients became worse when 
thipuracil w^as used In one, the ocular changes were so severe that corneal 
ulcers developed Thyroid extract, 32 to 96 mg per day, ivas used m conjunc- 
ti_on with thiouracil, 'with improvement in all of the patients In individuals 
^shovtmg manifestations of malignant exophthalmos, apparently, the minimal 
'effective dose of thiouracil should be used to bring the metabolism to normal 
Overtreatment may lead to an increase in the exophthalmos 

At the time of operation the thyroid gland in thiouracil-treated patients 
was quite firm, resembling the consistency of the untreated hyperplastic 
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Fig 1 Tig 2 

Fig 1 — Cliart of patient liavmtr li> pcrthyroidism and auricular fibrillation recurrent after thy 
roideetomv treated ivitli thiouracil No operation was performed Note the maintenance of metabolism 
and weight at normal with small doses of thiouracil for over six months 

Fig 2 — Chart showing the fall in basal metabolism of thyrotoxic patient prepared for surgery 
with thiouracil The basal rate was normal one month after operation, with no further thiouracil 
treatment 

* 

PREOPERATIVE AND OPERATIVE COURSE 

MRS. C.W. AGE 68 
SEVERE EXOPHTHALMIC GOITER 
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thyroid The thyioid glands weie not as ^asculal as the)^ are in untreated 
cases, although the supenoi and infciioi aiteiies weie still of large caliber 
The tissue sin rounding the gland was at tunes densely adherent to it and 
clea\ age planes w ei e hard to establish 1 hei e w as inoi e bleeding encountered 
in some of the thiouracil-ticatcd cases than in the lodine-tieated cases, and it 
was necessar} to spend quite a little extia tunc in its contiol 
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Fig 4 — Histologic section of thyroid gland from patient ^\lth hyperthyroidism, 
after metabolism had been brought to normal with thiouracil Note the small amount of 
colloid, the tall, columnar cells of the acini and the relatively few papillary projections 


Histologically (Fig 4), the thiouracil-treated hyperplastic gland showed 
very little colloid The cells of the acini were tall and columnar Many of the 
acini \vere small and contracted — only a few showing papillary projections 
There seemed to be an increase in interstitial tissue between the acini There 
was little histologic difference in the glands of patients treated a few weeks 
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and patients treated many months In patients who received both iodine and 
thiouracil there were definite increases in the colloid contents of the acini over 
those who had received no iodine 

The operative course in thyrotoxic patients treated for five or six weeks 
with thiouracil was remarkable only for its smoothness They reacted, as 
would patients with a normal metabolism, to a moderate suigical procedure, 
with no marked changes m pulse or blood pressure The postoperati'^ course 
was equally smootli and uneventful The neiwousness, activatioli ahd^arked 
tachycardia, seen so often after opeiation upon patients whose metabdjfism has 
been brought close to normal by Lugol’s solution, were entirely absent in these 
cases The striking thing about the opeiative and postoperative course of 
thiouracil-treated cases was the absence of anything striking 

This was not tiue in the cases operated upon after only lo or 14 days of 
thiouracil theiapy These patients were still toxic and, postoperatively, had 
the activation, tachycardia and fevei, that would be expected When treatment 
was continued foi five veeks, or longer, and the metabolism had reached 
noimal, postopeiative reactions weie negligible Thiouracil was stopped four 
to SIX days aftei opeiation 

Fiom the point of view of the anesthetist the induction and maintenance 
of these patients is quite like that of any patient with a normal metabolism 
Dr Eleanor B Feiguson, who gave the anesthetics, found it necessary to use 
only average amounts of pieoperative sedation Toxic goiters treated with 
Lugol’s solution require fai heaviei preoperative medication than do thiouracil- 
treated patients Cyclopropane and oxygen has been the anesthetic of choice 
m all of our thiouracil-ti eated cases Then course under anesthesia has been 
smooth and uneventful Fiom the viewpoint of anesthesia these patients no 
longer present a difficult or complicated problem 

We have to report one fatality in a thioui aal-treated thyrocardiac patient 
This patient had had thyfotoxicosis for ten years, and had been treated 
throughout this period with ipdine She had had auricular fibrillation for over 
a year She received thiouracil theiapy for eight weeks With this treatment 
her metabolism became noimal, her clinical improvement was marked and her 
fibrillation ceased a few ddys before operation She died about three hours 
after an uneventful'thyrbidectomy, piofiably from an embolus Her pulse was 
84 and hei blood piessuie 120/80^, i'5 minutes before death 

The late lesults after subtotal. thyi oidectomy in these cases have been very 
satisfactory The metabolic rate has remained at normal in 33 cases In one 
case a slight recuirence of toxicity has appeared, which was readily and com- 
pletely controlled by small doses of thiouracil for a few weeks In one case the 
basal rate had gone below normal for a few weeks, but with no special treat- 
ment has returned to noimal within a few months It is probable that occasional 
postoperative myxedema will be seen in patients who have considerable thy- 
roiditis, associated with hyperplasia in their thyioid glands 

The four thyrocardiac patients have done exceptionally well The absence 
of severe postoperative reactions has helped materially m making their final 

510 



Volume 120 
>. umber 4 


THIOURACIL IN THYROTOXIC PATIENTS 


recoveiy smooth and lapid It is significant that nine thyrocaidiac cases treated 
with thiouracil alone have done equally well 

The 15 patients with hyperthyioidism, recuiient or persistent after oper- 
ation, have all been completely coiiti oiled with thiouracil, and are appaiently 
well No secondary^ opeiatiOn has been necessaiy in any of this group 

* CONCLUSIONS 

In hyperthyroidism thiouracil reduces the basal nretabolism to nurmal, 
with a corresponding decrease in the syinptoms of the disease in almost all 
cases I 

Which toxic goiter patients should be treated \Mth suigery as well as 
thiouracil, and which cases can be managed with thiouiacil alone, is a matter 
for continued study A small peicentage of patients aie sensitive to thiouiacil 
The operative and postopeiative course of thyrotoxic patients prepared for 
surgery with thiouracil has been remarkably smooth and uneventful The late 
results in the operated cases ha\e been excellent 

Thiouracil is a valuable addition to our means foi treating hyperthyroidism 
and for preparing patients ^Mth this condition foi suigeiy 
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Discussion — Dr John deJ Pemberton, Rochester, Minn I feel that this Asso- 
ciation is deeply indebted to Doctors Clute and Williams for presenting to us an account 
of their experience with thiouracil in the treatment of hyperthyroidism Their series is 
the largest that has been published and the excellent results obtained speak for themselves 
The application by Astwood of the goitrogen, thiouracil, to the treatment of exoph- 
thalmic goiter was a brilliant piece of work It has furnished a new tool for the study 
of thyroid physiology and has made an important addition to the available therapeutic 
agents The ultimate status of thiouracil in the treatment of hyperthyroidism cannot, 
it seems to me, be clearly defined at present It is obvious from the observations of 
Doctors Clute and Williams that it will play an important role in the preparation for 
surgical treatment of some patients with exophthalmic goiter I agree with them that 
one of Its most logical and important uses may be in the preoperative treatment of these 
patients who, because of the severity of hyperthyroidism, are unusually poor surgical risks 
It also may be of value in cases of similarly high surgical risk because of complicating 
conditions added to severe hyperthyroidism It seems doubtful to me if the present low 
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surgical mortality in cases of exophthalmic goiter of moderate or slight severity can be 
lowered by preparation with tlnouracil rather than iodine, as the risk in such cases is 
alieady about as low as it is m cases of adenomatous goiter without hyperthyroidism 

It seems desirable to emphasize some pathologic reactions which may accompany 
the use of thiouracil Williams and Bissell have reported transient edema with depres- 
sion of the carbon dioxide combining power of the plasma and elevation of the plasma 
chlorides At tlie Mayo Clinic, we have noted a similar reaction m two cases in which 
thiouracil was administered because of severe recurreilt exophthalmic goiter In both 
Crises, the reactions were so severe and so persistent that the administration of the drug had 
to be discontinued In one of these cases the reaction was accompanied by swelling of 
the face, marked somnolence, muscular twitching, myoclonic spasms, incoherent slurred 
speech, vertigo and severe headache This reaction occurred on each of three occasions 
when the drug was given Although the basal metabolic rate fell to normal during the 
first period of treatment, after the administration of the drug was stopped, it rose to 
higher than previous levels On two occasions the reaction occurred when the basal 
metabolic rate was between o and plus lo per cent, and on the third occasion, when it was 
plus 70 per cent This case, and others, will be reported m detail by Haines, Keating 
and Power 

We have seen no serious instance of agranulocytosis among the patients we have 
tieated, but frequently have noted depressions of the leukocyte count In all our cases 
V ith this reaction the leukocyte counts have risen to normal rapidly after the adminis- 
tration of the drug was discontinued temporarily 

I hope that the method of determining the concentration of the drug m the blood, which 
lecently has been described by Williams, will be of help m determining the dose accurately 
and also m helping to anticipate some of the untow’ard reactions 

We have been hesitant, because of possible toxic effects of the drug, to use thiouracil 
as the sole therapeutic agent unless some complicating condition has made surgical treat- 
ment out of the question In the few cases in which the patients were so treated, however, 
the results have been excellent up to date, but we feel that the patients should remain 
under observation during the entire period of treatment 

I look forward with great interest to the subsequent developments which thiouracil 
and related drugs will bring in the treatment of hyperthyroidism, and feel confident that 
Its position will be one of importance 

Dr Roscoe R Graham, Toronto, Canada We are indebted to Doctor Clute for 
his contribution to the treatment of thyroid disease with thiouracil 

Our series is very much smaller, but there have been three groups of cases of 
hyperthyroidism in which we felt that thiouracil therapy was of great value First, in 
the differentiation of the group of cases where the problem is to determine whether we 
ai e dealing with a case of hyperthyroidism or an N C A syndrome In our series, there 
are three cases m which the lack of response to thiouracil was the determining factor 
m establishing the diagnosis 

In the second group, we include the thyrocardiac patient who has suffered from 
circulatory failure We are able, with the long-continued administration of thiouracil, 
to obtain before operation the maximum restoration of cardiovascular efficiency, which 
would not be possible with iodine therapy 

In the third group, we have patients suffering from an acute infection which has 
precipitated them into an acute hyperthyroid state Again, the ability to carry on t e 
prolonged administration of thiouracil permits the patient to recover from the disastrous 
efiects of the infection, and operation can be undertaken at the optimum time 

Our group, headed by Dr Walter R Campbell, of the Department of Medicine, fee s 
that with this small series we are unable to give any judgment as regards the possibility 
of avoiding operation by this management We are very conscious, however, of the 
fact that agranulocytosis is a real hazard, and that the patients must be followed with 
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extreme care It is encouraging that Doctor Clute gives us some hope that in their group 
tins type of therapy may make it possible to avoid an operation permanently 

Dr Warren H Cole, Cliicago, 111 I would like to report that w'e, likewise, have 
had favorable results in a \ery small series of cases, but I W'ant to ask Doctor Clute one 
question regarding a t}T)e of reaction wdiich we ha\e had, and wdiich he may have also 
encountered 

On two or three occasions, w'e have had an increase m symptoms wdien we gave 
tluouracil Tlie cardiac rate would increase up to 130 or 140, sweating, nervousness and 
other mamfestatiotis likew'ise increased This flare-up in symptoms w'as so pronounced 
that we were reluctant to continue therapy wnth the drug, and discontinued it 

I w'ould like to ask Doctor Clute if, wuth a smaller dose and continuing on through 
tliat initial period of tw'o or three days, w^ould the acute flare-up subside? 

Dr How'ard M Clute (closing) We cannot yet be certain as to the full value of 
tluouracil or of the permanency of its effects Longer study of more cases treated by 
various men will give us a better insight of its true place in hyperthyroidism 

Certainly it is true, however, that in most toxic goiter cases tluouracil wnll reduce 
the metabolism to normal and make an almost inoperable case safely operable In fact, 
m manj of these cases after wrecks of treatment, a new observer w'ould doubt the diagnosis 
of thyrotoxicosis 

I ha\e not seen the complication Doctor Cole speaks of It seems to us safest to 
stop tluouracil at once when any se\erc complication arises, and revert to the use of 
iodine and surgery 
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THE RELATIONSHIP OF PROTEIN DEFICIENCY TO 
SURGICAL INFECTION* 

Paul R Cannon, M D , Robert W Wissler, M D , 

Robert L Woolridge, M D , and Earl P Benditt, M D 

Chicago, Ili 

FROM THE DEPARTMENT OF PATHOLOGY, UNIVERSITY OF CHICAGO, CHICAGO,, ILL 

The consequences of a prolonged period of negative nitrogen balance in 
a surgical patient will depend upon the preoperative abundance of the 
protein reserves and the postopeiative degree of their depletion ° 

The significance of these reserves is even yet not fully realized despite the 
many recent studies indicating their dynamic relationship to the plasma 
proteins ^ Then amount and availability, however, constitute an important 
safety-factor in that, as a rule, a postoperative loss of nitiogen will be less 
serious, coming from abundant jirotein stores than from ones already depleted 
because of protracted debilitating disease Moi cover, if before opeiation upon 
a hypoproteinemic patient, the tissue-protein deficit can be at least partially 
corrected by the administration of high-quality proteins, the chances of 
survival should be considerably impioved, provided that the mechanism 
lesponsible for blood protein synthesis has not been too severely damaged 
by the underlying pathologic process 

Nutiitional emphasis upon piotem metabolism in surgical conditions has 
usually centered around such problems as the relationship of albumin loss, 
legeneration and replacement, to surgical shock, burns, blood loss, nutritional 
edema, wound healing, livei impairment and anesthetic injury, and com- 
paratively little consideiation has been given to the function of proteins in 
the prevention or amelioration of postoperative infection Yet infection is 
an ever-present surgical menace, and the best surgical technic may be of 
slight avail m a markedly hypoproteinemic patient Although infection 
may develop even under conditions of good nutrition, it is more likely to 
become menacing or even lethal when basic immunologic mechanisms are 
seriously impaired For example, infection tends to become especially 
threatening m association with marked malnutrition, starvation or wasting 
disease, or with such chronic debilitating diseases as malignancy (especially 
of the gastro-intestinal tract), nephritis, cirrhosis of the liver, ulcerative 
colitis and the like, where inanition is actually a prominent part of the 
pathologic picture 

Nevertheless, such patients may be operated upon with little realization 
b,,- the surgeon that they are in the danger zone of severe Itypoproteinemia 

♦Read bj imitation at the annual meeting of the American Surgical Association, 
Ma> 3 , 1944 , Chicago, 111 

The experiments here reported were aided bj grants from the John and Mary R 
Markle Foundation, The National Luestock and Meat Board, and The Douglas Smith 
Foundation for Medical Research of the Unnersity of Chicago 
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The following brief case history illustiates the lattei point A white female, 
35 years of age, was operated upon foi the removal of a caicmoma of the 
rectum The operation, a combined abdomino-peiineal lesection, was per- 
formed under continuous spinal anesthesia Foi 24 houis postoperatively 
the patient did ell , then the temperature rose to 103 6° F. The posterior 
incision was opened and 5 Gm of sulfanilamide were placed in the wound, 
but despite this and various supportive measuies she died on the third 
postoperative day Necropsy levealed a geneiahzed fibrinopurulent peri- 
tonitis Immediately after death cardiac blood was taken for total protein 
estimation, this was 398 Gm per 100 Ml of seium The history revealed 
that during the last two ycais she had lost 52 pounds in weight (159 pounds 
to 107 pounds) This severe loss of w'eight reemphasizes the fact stiessed 
by Studley^^ that postoperative fatality rates tend to parallel the extent of 
the preoperative w'eight loss Thus, Studley obseived, in patients wdio had 
had a preoperative w^eight loss of moie than 20 per cent of their normal 
w^eight, a postoperative fatality rate of ovei 30 per cent In several of these 
patients, moreover, theie was w'ound disruption and teimmal pneumonia 
Pneumonia and other t3pes of postoperative infection obviously develop 
because tlie primar}’- defense bairieis have failed to pi event bacteiial pene- 
tration into the deeper tissues , the consequences of this failure must depend 
upon the combined and complementaiy activities of the foices of natural 
and acquired resistance and the ability of these foices to restrict further 
microbic growth and spread An important question is, therefore Do nutii- 
tional conditions influence these tw'O types of resistance, and, if so, how^ 

It is to be expected that profound undeinutiition and its concomitant 
depletion of the protein reserves should influence adveisely the mechanisms 
of natiiial resistance, because a protracted period of protein deficiency leads 
eventually to marked atiophy of the liver, spleen, bone mariow’’ and lymphoid 
tissues , and from these tissues most of the phagocytic cells originate More- 
over, inasmuch as protein is the basic material from which all tissues ulti- 
mately are constructed, the absence of piotein stores necessary for further 
construction of leukocytic reseives might also reduce the continued produc- 
tion of phagocytes, paiticularly if protein synthesis w^ere further impaired 
as a consequence of an advancing infection 

Of equal, if not greater, importance with respect to the harmful poten- 
tiality of many of the common pathogenic micro-organisms is acqmied 
lesistance Acquired resistance differs from natural resistance mainly 
because of the antibody mechanism, and there is no reason to believe that 
antibody action is restricted to only particular kinds of infection In fact, 
all pathogenic bacteria, once they have entered the tissues, are foreign 
proteins, hence they are antigenic stimulants, both locally and generally, of 
the antibody mechanism Antibodies, collaborating with phagocytes, promote 
bacterial localization and thus help to bring incipient infections quickly 
to an end. It is only when antibodies are weakly formed, as, for example, 
when the antibody mechanism functions at a low^ered level, that anti- 
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bacterial defense presumably must depend upon the latent potentialities 
of natural resistance It would seem obvious, therefore, that the capacity of 
the antibody mechanism to respond effectively will determine both the 
extent and outcome of many types of infection, especially those which are 
otherwise imperfectly combatted by the forces of natural resistance 

In an effort to ascertain moie precisely the nature and functions of the 
antibody mechanism we have been investigating its relationship to protein 
metabolism The role of proteins m antibody production did not become 
apparent until after the demonstration that an antibody is actually a modified 
tissue protein, a molecule of globulin This fact suggests, however, that 
the problem of antibody production is but a part of the larger problem of 
protein synthesis In a series of publications we have presented evidence 
supporting this hypothesis and indicating that both the acquisition and 
retention of specific resistance may be determined largely by an adequate 
intake and utilization of dietary protein 

In the present paper additional evidence is submitted demonstrating that 
impairment of the antibody mechanism is one of the sequelae of protein 
undernutrition and that, when there is a lack of essential ammo-acids normally 
required for the formation of serum globulins, antibody synthesis cannot 
pioceed optimally, even if all the other known necessary dietary factors are 
piesent Before presenting this evidence, however, a few of the reasons 
supporting our general hypothesis will be summarized briefly under three 
categories, vts , (i) the relationship of protein ingestion to the synthesis of 
normal globulin, (2) the relationship of protein ingestion to the synthesis 
of antibody globulin, and, (3) the relationship of protein deficiency to 
antibody synthesis and antibactei lal resistance 

I THE RELATIONSHIP OP PROTEIN INGESTION TO THE SYNTHESIS 

OF NORMAL GLOBULIN 

There is now good evidence that the fabrication of normal serum globulin 
IS dependent upon the utilization of an adequate assortment of amino acids 
For example, Whipple, and his associates, have shown “that globulin forma- 
tion IS directly dependent upon diet ” Thus, in summarizing their experi- 
mental findings Madden and Whipple say® “the same lOO grams of beef 
serum which produced 38 grams of total plasma protein produced approxi- 
mately 21 grams of albumin and 17 grams globulin The addition of 
100 grams bran flakes to a kidney basal diet results in the formation of 
about 12 grams albumin and ii grams globulin Since it has been 
shown that 100 grams casein will yield only 5 grams albumin and 
7 grams globulin, and 100 grams gelatin 5 grams or less of each, it becomes 
apparent that, as measured by phasmapheresis, diet regulates globulin 
production equally as well as albumin ” 

The question remains, however Does normal globulin originate only 
from nonessential amino-acids or does it require for its synthesis an adequate 
supply of se\ eral or even all of the essential amino-acids ^ 
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Chemical evidence concerning the structure of globulin should help to 
clarify the problem of its synthesis Although complete ammo-acid analyses 
cf normal serum globulin are still lacking, there is evidence that it contains 
several of the ammo-acids essential either for adequate growth of the white 
lat or for maintenance of nitrogen equilibrium in man Improved methods 
of ammo-acid analysis are necessary, however, before a final answer can 
be given In the meantime we are utilizing a biologic method for the 
evaluation of protein quality which furnishes additional evidence that serum 
globulin probably contains all of the ammo-acids essential for the growing 
rat The method consists m the daily ingestion by a hypoprotememic adult 
white rat of known quantities of a test-protem, followed by the recording of 
weight recovery and serum protein legeneiation at the end of a seven-day 
feeding period The daily ration is adequate m caloiies, vitamins and salts, 
and has as its principal source of nitrogen the protein to be tested An 
incomplete protein, such as gelatin, for example, will induce only slight 
serum protein regeneration and weight recovery, whereas a complete protein 
will cause both a marked serum protein regeneration and weight recovery 
We have demonstrated by this method that purified globulins, of either bovine 
or human origin, and composed predominantly (over 90 per cent) of gamma 
globulin, are also high quality proteins Thus in every instance in which 
they were tested, serum protein regeneration and weight recovery resulted 
practically as effectively as m animals fed the highest quality meat proteins 

n THE RELATIONSHIP OF PROTEIN INGESTION TO ANTIBODY SYNTHESIS 

All recent evidence has tended to strengthen the view that an antibody 
is but a specifically-modified molecule of normal globulin An antibody 
molecule, therefore, m common with a normal globulin molecule, must be 
synthesized from ammo-acids present m the food or stored and available 
in the protein reserves But, inasmuch, as only a portion of the globulin 
fraction of normal serum contains antibody, more attention must be given 
to the antibody-containing portion This so-called gamma fraction is char- 
acterized by its slow mobility m the Tiselius electrophoretic cell Although it 
may not contain every type of antibody, at least several kinds have been 
demonstrated m immune serums from the horse, rabbit, rat, monkey and man 
These antibodies, moreover, are interchangeable between species Thus, 
rabbit and horse immune serums are suitable for antibacterial therapy in man, 
and human serum can react specifically with micro-organisms which infect 
lower animals Furthermore, nutiitional conditions which influence the 
fabrication of blood proteins, as for example, albumin, globulin and hemo- 
globin, act essentially alike m the dog, rat and man There is reason to believe, 
therefore, that these basic mechanisms of protein synthesis function similarly 
in all mammalian species Furthermore, the concentration of the globulin 
fraction in man tends to rise in infections characterized by hyperproteinemia, 
such as tuberculosis, syphilis, lymphogranuloma, sarcoid, leichmamasis, 
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rheumatoid arthritis, lupus erythematosus, etc In some instances, also, 
there is a concomitant inciease in the amount of gaimna globulin 

Normal human serum contains around 25 mg per Ml of globulin, of 
this, approximately 8 mg , or about one-third, may be gamma globulin 
It IS in this one-third of the globulin fraction, therefore, that the anti- 
bodies are found Furthermore, inasmuch as the rise and fall in concen- 
tration of antibody globulin may parallel that of total globulin, a hypo- 
globulinemia may be accompanied by a corresponding decline m the amount 
of gamma globulin Conversely, however, hyperglobulmemia does not necessi- 
tate an increase in the gamma fraction or in its antibody-containing portion, 
because duimg the time of the rise, as for example, during the process of 
reversal of the albumin-globulm ratio, antigenic stimulation might be absent 
In hyperimmune animals, however, as much as 35 per cent of the total globulin 
fraction has been found to be antibody globulin It should be borne in mind 
also, that inasmuch as moie than two-thirds of the total globulin fraction 
piesumably has no relationship to antibody content, concentration of this 
fraction in the blood {alpha and beta globulin) might rise and yet have no 
relationship whatever to a decreased content of antibody gamma globulin 
or to depletion of the gamma globulin reserves 

III THE RELATIONSHIP OF PROTEIN DEFICIENCY TO ANTIBODY SYNTHESIS 
AND TO ACQUIRED RESISTANCE TO INFECTION 

If our interpretation of the foregoing facts is coriect, protein inadequacy 
and concomitant depletion of the protein reserves should lead in time to 
impairment of the capacity of a protein-depleted animal or patient to fabricate 
gamma globulin This we have shown to be true for the production of 
agglutinins, precipitms and hemolysins, both in rabbits and white rats Such 
animals also react less effectively against certain spontaneous and induced 
infections 

Our experiments with rabbits indicated that severe protein deficiency, 
m association with general undernutrition, lowered markedly the levels of 
serum protein and hemoglobin concentration and induced a significant 
decrease both in the rate and quantity of antibody output In order to ascer- 
tain more precisely the effects of protein depletion upon the antibody- 
foiming mechanism, expeiiments utilizing the hypoproteinemic adult white 
rat uere performed in animals, wdiich, during the period of protein depletion, 
w ere fed a diet presumably adequate in other nutritional elements When the 
rats had become markedly hypoproteinemic the}^ -were injected intravenously 
w ith antigen in order to determine the output of antibody As controls, rats 
i.liicli during the period of protein depletion in the first group, had been 
' fed a diet identical in every respect except for the presence of 22 per cent 
casein, were similarl}' injected 

The compositions of the rations fed to the two groups of animals were 
as follow's 
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(Per 100 Gm of Ration) 



Ration SEJ 

Ration 3Ct 

Ground fresh carrots 

30 Gm 

30 Gm 

Ruffex 

S Gm 

5 Gm. 

Lard 

4 Gm 

4 Gm 

Cornstarch 

44 Gm 

22 Gm 

Casein (vit test Smaco) 

none 

22 Gm 

Osborne &. Mendel salt muxture* 

4 Gm 

4 Gm 

Dried Brewer’s yeast (Mead Johnson) 

2 Gm 

2 Gm 

Liver concentrate (Wilson &. Co 20 l)t 

1 Gm 

1 Gm 

Water 

10 Ml 

10 Ml 

Calcium pantothenate 

200 gamma 

200 gamma 

Pyridoxine HCl 

200 gavtma 

200 gamma 

Riboflavin 

SOO gamma 

500 gamma 

Choline chloride 

100 mg 

100 mg 

Oleum percomorphum 
— vitamin A 

200 USP units 

200 USP units 

— vitamin D 

29 USP units 

29 USP units 


* Hawk and Osers modification plus 1 Gm each of copper sulphate and zinc chloride added to the trace 
elements 

tGenerously supplied by the pharmaceutical laboratones of Wilson and Company, Chicago 
tRation 3E contained approximately 2 per cent of protein in contrast to the 22 per cent of case in 
ration 3C Both rations contained two rich sources of B complex vitamins in addition to those present in the 
raw carrots and added as synthetic vitamins 

The rats (Sprague-Dawley strain) were kept in large wire-mesh cages 
with wire bottoms, six animals per cage, throughout the experiment each 
rat received 20 grams of ration pei day Consumption was good in both 
groups, falling off only m the animals on the low-piotem gioup as they 
lost weight Water w^as given ad hhitum together with 20 grams of leaf 
lettuce per rat per w^eek 

Table I summarizes the essential data with respect to initial w^eights, 
length of dietary peiiods, weight gams or losses, and concentiations of serum 
protein and hemoglobin at the time of injection of the antigen. 


Table I 

Av Values at Time of Antigen Injection 




Av 



' 

Serum 



No 

Initial 



Wt Loss 

Protein 


Exp 

of 

Wts 


Diet 

or Gain 

Gm % 

Hb 

No 

Animals 

(Gm) 

Diets 

Period 

(Gm) 

Concentration 

Gm % 

1 

12 

304 

3C 

5 mos 

+ 23 

6 68 

15 1 


12 

316 

3E 

S mos 

—119 

4 24 

10 2 

2 

12 

307 

3C 

6 mos 

+ 49 

6 71 

14 3 


12 

315 

3E 

6 mos 

—151 

4 39 

7 5 


Blood for the various determinations was obtained fiom a tail vein in 
I Ml amounts Serum protein concentrations iveie determined routinely 
by the specific giavity method of Baibour and Hamilton This method, 
in our experience, has checked consistently (±02) wnth the micro-Kjeldahl 
method of Ma and Zuazaga^® and the direct biuret method of Kingsley^® 
It affords a relatively simple and rapid way of detei mining serum protein 
concentrations in small quantities of seium or plasma Hemoglobin con- 
centrations were determined by means of the Dick-Stevens photo-electric 
hemoglobinometer 20 
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After the above data had been obtained all fats were injected simultaneously 
in a tail vein with i Ml of a 025 per cent suspension of washed sheep’s 
erythrocytes The cells were always centrifuged at the same speed and time 
at the last washing before preparation of the suspension either for injection 
of hemolysin titration A sample of blood serum taken from each animal 
before the antigen was injected was titrated for evidence of naturally- 
occurring hemolysin, starting at a serum dilution of 1-60, only an occasional 
serum contained hemolysin and none showed complete hemolysis at this 
dilution of serum 



Chart I 

For the hemolysin titrations a method used originally by Hektoen^^ was 
employed, modified in that a 2 per cent suspension of washed sheep’s erythro- 
cytes in 085 per cent salt solution (02 MI ) was mixed with 03 Ml of 
appropriately diluted inactivated immune serum and from 01 to o 15 Ml of 
a 1-6 dilution of pooled fresh guinea-pig serum The complement in the 
guinea-pig serum was always titrated in association with the pooled inac- 
tivated serums from three protein-deficient rats which had been injected 
intravenously with sheep’s erythrocytes, from one and one-half to two units- 
vere used in the final titiations, the titrations to determine hemolytic activity 
w ere all done simultaneously, using the double dilution method at a beginning 
serum dilution of i — 60 The hemolytic titer ivas taken as the highest dilution 
of serum showing complete hemolysis, all titers being recorded after incuba- 
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tion at 37° C in a water bath for two hours and storage overnight in a 
lefrigerator at approximately 4° C 

The results for two groups of animals are shown graphically in Charts i 
and 2, where it is seen that at the peak of antibody-output (6-8 days) the 
aAerage hemolysin titers for the normal sera were approximately ten times 
higher than those fiom the protein-depleted rats, the differences are also 
striking at the later peiiods In othei words, the animals with abundant 
protein reserves and an adequate piotein intake were able, on the average to 
fabricate appi oximately ten times as much antibody as were those with 
depleted reserves and the low-protein diet continued during the period of 
antibody production 

Besides demonstrating a deci eased capacity to fabricate antibody, the 
piotein-depleted rats also manifested a definitely mci eased tendency to develop 
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Chart IV 


spontaneous infection For example, 111 the first experiment three of the 
twelve hypoprotememic rats died during the following three weeks, at the 
end of this period, moreover, four others exhibited varying degrees of 
chronic abscessive pneumonia In the second experiment nine of the twelve 
hypoprotememic rats shov/ed, when sacrificed, a chronic abscessive pneu- 
monia In contrast, none of the contiol rats in either group showed any 
gross evidence of pulmonary infection 

In addition to testing antibody titers the serums were also pooled in 
order to ascertain the comparative concentrations of albumin and the various 
globulin fractions in each group The results are shown graphically in 
Charts 3 and 4 

Piocedtues — Serums from 12 rats of each group were pooled (o i Ml per 
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rat) and a total protein determination made on o i Ml in duplicate (biuret 
method) The remaining portions of seium were then mixed with various 
concentrations of sodium sulfate accoiding to the procedure of Howe 22. 23 
Serum (o 3 Ml ) was added to 4 5 MI of a solution of sodium sulfate to give 
a final sulfate concentiation of 142 per cent, 17 7 per cent and 21 5 per cent 
After mixing, the tubes were allowed to stand overnight at room temperature 
(around 25° C ) Next day the mixtures weie centrifuged and residual 
protein determined in the supernates Fiom the results shown in Charts 3 
and 4, it is evident that the rats on the low protein diet developed both hypo- 
albuminemia and hypoglobulinemia, with diminished concentration of all 
three globulin fractions, via , euglobulin, and pseudoglobuhns I and II. 

Discussion — Wt have demonstiated by both immunologic and chemical 
methods that in the blood serums of pi otem-deficient rats theie is a lowered 
concentration of antibody globulin and of thiee globulin fi actions This indi- 
cates definitely the adverse action of protein deficiency upon protein reserves 
and their capacity to geneiate serum pioteins In many surgical conditions 
there is also both a preoperative and a postoperative loss of various serum 
protein fractions, as into exudates, from hemorrhage or thiough the kidneys 
Furthermore, undernutntion caused by an inadequate intake, absorption or 
utilization of high-quality protein may also lead to a steady depletion of 
the tissue protein reserves, both before and after opeiation This loss of 
tissue proteins may finally become cutical if and when a potentially patho- 
genic micro-organism enters tissues unpiepaied to mobilize the forces of 
acquired resistance 

It is obvious, moreover, from these experiments, that reliance upon the 
so-called albumin-globulin ratio for the determination of the state of the 
tissue protein resen'^es is inadequate We need to know not only whether 
the globulins are in a lowered concentration, but particularly whether there 
IS a diminished concentration of the gamma globulin fraction If the total 
serum globulin concentiation Is low, the gamma fraction will also probably 
he low , if, on the other hand, the serum globulin is present in normal or >- 
elevated concentration, either condition may be due to an increased con- 
centration of alpha or beta globulin and reveal nothing about the concentra- 
tion of gamma globulin What is actually needed is a quantitative clinical 
method for determining the concentration of gamma globulin 

In the absence of such a method dependence must be placed upon clinical 
procedures, such as evaluation of the extent of the preoperative weight loss 
and total serum protein deteimmations The latter must be done, however, 
after proper attention to the pioblem of rehydration of the patient’s tissues 
^ If the total serum' protein concentiation is found to be less than 5 grams 
per 100 Ml of seium, preoperative piotem repletion should be attempted, 
if possible, either b)'- ingestion or mtiavenous administration of high quality 
piotems, m order both to reduce the tissue protein deficit and to build up 
a backlog of protein reserves available for antibody production m the 
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CA ent of a developing" infection For unless the antibody globulin reserves 
Ccin be repleted through the utilization of a proper supply of essential amino- 
acids, infection cannot be effectively combated through the intermediation of 
the antibody mechanism 

Since gamma globulin is a high quality piotein, it presumably contains 
many if not most of the essential ammo-acids For its synthesis, therefore, 
It IS necessary to provide an abundance of essential ammo-acids in the protein 
leserves or m the daily food In experiments to be repoited later we have 
demonstrated that, when high quality proteins are fed to hypoglobulinemic 
rats, the animals quickly regenerate immune globulin, as evidenced by the 
rapid recovery of their capacity to produce specific antibody This does 
not happen, however, when poor-quality proteins are fed The inference 
seems warranted, therefore, that in patients with depleted globulin reserves, 
repletion necessitates the ingestion or intravenous administration of proteins 
containing all of the essential amino-acids The further effects will obviously 
depend upon the patient’s ability to convert these amino-acids into tissue 
proteins, including antibodies 

SUMMARY AND CONCLUSIONS 

Both the frequency and severity of postoperative infection depend largely 
i.pon the capacity of the individual to mobilize the protective forces of natural 
and acquired resistance These forces are dependent, basically, upon protein 
metabolism, acting through the agency of amino-acids ingested in the food or 
readily available in the tissue protein reserves Attention has been directed 
•^in the present discussion to the role of the blood and tissue globulins, especially 
the gamma globulin fraction, m the mechanism of acquired resistance, and 
to their origin from dietar) amino-acids Evidence has been presented indi- 
cating that, to the extent that protein deficiency leads to depression of the 
capacity of certain tissues to fabricate antibody globulin, the potential ability 
to elaborate specific antibodies is concomitantly impaired •'The implications 
of such protein depletion with respect to starvation, particularly in surgical 
patients, are discussed 
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OF 

CARCINOMA OF THE STOMACH, WITH DIFFUSE SOILING 
OF THE FREE PERITONEAL CAVITY* 
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Lieut W Overmiller, M C , U S N 

Acute perforation of carcinoma of the stomach into the free peritoneal 
cavity occurs so infrequently that few surgeons have had an opportunity to 
observe more than a single case Invariably the encounter has been un- 
anticipated The abdomen has been opened upon a diagnosis of perforated 
peptic ulcer and the situation managed without the advantage of precedent 
in personal experience and piobably in most instances without knowledge 
of the experience of others Furtheimore, since many of the perforations 
occur in small ulcerating carcinomas without gioss metastases there has 
been failure in many instances to recognize the malignant character of the 
perforated ulcer, with the result that it has been managed as a benign 
lesion by simple closure of the perforation Incidentally, this fallacy can 
be prevented by the routjne practice of immediate pathologic examination 
of a biopsy from the border of all perforations encountered on the gastric 
side of the pyloric sphincter 

Any surgical treatment short of resection in the resectable cases is of 
doubtful value Granting the desirability of resection, the question arises, 
should resection be performed as an emergency gastrectomy in the presence 
of diffuse soiling of the peritoneum or should it be resen'^ed for a secondary 
operation contingent upon recovery from the primary operation of simple 
closure of the perforation 

Because this and other questions relating to this entity can be answered 
only by the accumulation of many isolated individual experiences, it seemed 
justifiable to record our experience with a single case and to add a 
statistical compilation of the repoited cases to date 

Case Report — J S, Negro, male, age 49, was readmitted to the hospital depart- 
ment of the Union Pacific Railroad at 2 pm, December 6, 1942, writhing with general- 
ized abdominal pain The onset had been sudden four houis previously with severe pain in 
the epigastrium which diffused rapidly throughout the abdomen and then to the top of both 
shoulders He had vomited a small amount of clear fluid soon after the onset 

He related that for one year he had had burning and gaseous distress in the epi- 
gastrium which came on two or three hours after meals and during the night, and that 
this distress was relieved by the ingestion of food or alkalis 

On his first admission, three months previously, a diagnosis of duodenal ulcer 


* Read by title before The American Surgical Association, Maj 3-4, 1944, Chicago, 111 
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had been made upon tlie basis of a persistent deformity of tlie duodenal cap, with a 
ten per cent five-hour gastric retention, normal free and total acids, and the repeated 
presence of occult blood in the stools After ten days hospitalization on an ulcer 
regimen he was totally, if only temporarily, relieved of symptoms 

The patient presented the classical signs of perforated ulcer, with the confirmatory 
roentgenographic evidence of free gas in the peritoneal cavity 

Operation was performed one hour after admission and five hours after onset of 
symptoms Upon opening the peritoneal cavity there was an escape of much gas 
and “dishwater” fluid The latter seeped from a diffuse distribution throughout the 
abdomen The stomach, delivered into the wound, presented a small perforation on 
the superior aspect of the anterior wall approximately three inches proximal to the 
pylorus Palpation revealed that the peiforation was located in the center of a crater 
the size of a silver dollar which had a wide, hard elevated border confluent infenorly 
with a similar border suriounding a smaller crater Except for a few questionable 
lymph nodes along the lesser cuiwature there was no evidence of metastases A small 
piece of tissue was excised from the edge of tlie perforation and examined in frozen- 
section The pathologist returned a report of adenocarcinoma 

Confronted with a situation regarding which we had no knowledge, we reasoned 
that healing of a perforation through carcinomatous tissue would be unlikely and, since 
the lesion appealed to be a very favorable one for resection, an immediate subtotal 
gastrectomy, even in the presence of a soiled peritoneal cavity, seemed a justifiable 
and logical procedure Consequentijq a resection of the Polya-Balfour type was per- 
formed Five grams of sulfanilamide crystals were distributed over the peritoneal 
surfaces, and the peritoneal cavity closed without drainage The wound m the abdominal 
wall was washed copiously with salt solution, dusted with sulfanilamide crystals and 
drained 

Pathologic Evamimtion — “A laige segment of stomach, with attached mesentery 
Eight centimeters from tlie pylorus there is a crater, which measures four and one-half 
centimeters in diameter, with a central perforation the size of the head of a match 
Adjacent is a smaller crater measuring one and one-half centimeters in diameter 
Both are surrounded by induration which disrupts the normal mucosal pattern On 
the serosal surface there are thickening and fibrinous changes over the area of 
perforation No nodes were found in the attached tissue Sections from the borders 
of the crater show well-formed glands with well-differentiated cells containing hyper- 
chromatic nuclei There is occasional mitosis, also invasion of the muscularis Patho- 
logic Diagnosis Perforated ulcerating adenocarcinoma of the stomach. Grade II, with 
no metastases to nodes of the attached mesentery” 

The immediate convalescence was entirely uneventful Ten days following dis- 
missal from the hospital the patient developed a fever and a plueritic type of pain at 

the base of the right chest He was readmitted to the hospital and a small right sub- 
phrenic abscess drained 

He returned to work in four months and has remained free of symptoms and 
apparent y wel , now one year and four months following operation 

In this case there was the advantage of a record of complete gastro- 
intestinal studies three months prior to perforation The normal acidity 
0 tie gastric contents which soiled the peritoneal cavity was probably an 
important factor in preventing a bacteiial peritonitis The typical ulcer 
iistory of one year’s duration, in addition to normal acidity, raises the 
question whether the carcinoma was the sole and primary lesion or had its 
origin in a preexistent benign ulcer The low grade of the tumor and the 
a sence of demonstrable metastases made for a very favorable prognosis 
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One hundred and twenty years ago Laennec recorded m his 'case book 
an instance of perforation of carcinoma of the stomach with peritonitis Since 
then the case reports which have appeared in the literature have been collected 
periodically In 1934, And reviewed previous analyses and assembled 71 
reported cases To these he added one of his own, and seven other ca-'es 
treated in the Royal Infirmary at Edinburgh 

From a review of the literatuie since 1934, the writers collected an addi- 
tional 138 cases in which the diagnosis had been established at operation or 
postmortem examination In approximately one-half of these cases no opera- 
tion had been performed 

The combined series of 217 cases gives an erroneous conception of the 
incidence of perforation Unquestionably, only a few of the total number 
of cases have been reported A more accurate impression can be gained from 
several available surveys of case records and autopsy reports In these the 
incidence varies fiom 2 8 to 60 per cent, as follows Brinton, 21 perforations 
in a total series of 507 cases of carcinoma of the stomach, Ditrich, seven in 
no, Lange, 12 in 210, Tornow, nine in 255, Jaissou, six m 135, McNealy 
and Hedin, 116 in 3,289, and Caseburg, seven in 247 

In only seven of the 217 cases was it alleged that a correct diagnosis had 
been made prior to operation or postmortem examination More astonishing 
was the failure, in the majority of instances, to recognize at operation that 
perforation had occurred in a carcinomatous crater instead of a benign peptic 
ulcer As stated previously, this fallacy can be prevented by routine prac- 
tice of frozen-section biopsy from the area of perforation in all gastric 
perforations The failure to recognize the presence of the carcinoma suggests 
that the majority of carcinomas which perforate are small and relatively 
confined lesions, piesumably suitable for resection This premise has been 
borne out at the autopsy table In these cases there is, therefore, the possi- 
bility of considerable salvage of life 

From a study of 46 case histones collected from the literature, Chavannaz 
and Radoievitch distinguished four clinical types (i) Cases with a sudden 
onset of severe epigastric pain and manifesting the typical signs of a per- 
forated peptic ulcer, this preceded by a long or short history of dyspepsia, 

(2) cases differing from (i) only m respect to absence of previous dyspepsia, 

(3) cases with an insidious onset exhibiting signs of a gradually progressive 
peritonitis , and (4) cases that die of peritonitis and at no time have symptoms 
to direct attention to the abdomen About 70 per cent of the cases are types 
(i) and (2) 

Records of gastric analj’^ses were presented in eight of the histones reviewed 
by And, and in 15 of our collection It is interesting that achlorhydria was 
present in only four cases, and that in most of the cases the acids were normal 
or excessive This finding has been offered as further evidence that carci- 
nomas which arise m the presence of noimal acids are ulcer-carcinomas, and 
arise in preexistent peptic ulcers It can also be reasoned that a penetrating 
peptic ulcer can develop m a carcinoma The break in the mucosa initiated by 
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the new growth exposes the underlying tissue to the digestive action of the 
gastric secretions which may rapidly penetiate the wall and be responsible for 
the perforation Irrespective of this academic question, certain facts stand out 
As in our case, the cases with normal and high acids had long histones of 
dyspepsia usually typical of ulcer and upon perforation presented a clinical 
picture and pursued a course identical with that of perforated peptic ulcer 

Too little data is available to determine definitely the influence of achlor- 
hydria Such as there is, suggests that carcinomas, in the absence of acid, per- 
forate as a result of necrosis rather than ulceration and the peiforation is 
likely to be relatively painless and silent, or if sudden and painful then rapidly 
fatal from septic peritonitis 

The two important problems relating to perforated carcinomas of the 
stomach are, first, recognition of the carcinoma by routine biopsy , and, second, 
operative management In approximately 50 per cent of cases a hopelessly 
incurable situation exists as a result of advanced peritonitis from septic soiling 
or delayed intervention or because the tumor is not resectable 

There is no question about the desirability of resection of resectable lesions , 
only a question of when it should be undertaken In an endeavor to answer 
this question the results of the various methods of management used in the 115 
operated cases of the collected series are as follows (Table I) 


Table 1 

RESULTS OF OPERATI\ E PROCEDURES IN 115 CASES OF PERFORATED GASTRIC CARCINOMA 
Operative Procedure Recovered Hospital Deaths 


Drainage alone 3 IS 

Simple closure (with or without drainage) 9 34 

Local excision with simple closure 2 4 

Simple closure and gastro-enterostomy 7 16 

Simple closure and jejunostomy 0 2 

Jejunostoray alone 0 2 

Pnmary simple closure and resection at subsequent operation 

(1) Planned 1 1 

(2) Corrected* 2 2 

Pnmary resection 13 2 

37 78 


* Perforation at primary operation misdiagnosed peptic ulcer and proved malignant by subsequent develop- 
ments and studies 

A mortality of 8o per cent following simple closure of perforations is 
understandable Several reports contained remarks about the difficulty in 
obtaining satisfactory closure Because sutures cut through the rigid and 
friable carcinomatous tissue, a few surgeons had to resort to suturing a patch 
of omentum over the perforation In most instances postmortem examination 
show^ed failure of healing, with continued or subsequent leakage This very 
considerable and inescapable hazard vitiates the theoretic advantage of the 
staged-method of management — that is emergency closure of the perforation 
by suture followed some da3’^s or weeks later by gastrectomy In our collected 
series, six of the cases wffiich recovered following primary closure were subse- 
quently subjected to gastrectomy Onljf three of them, or 50 per cent, sur- 
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vived In two cases, the two-stage piocedure had been planned at the initial 
operation , in four, the perforation had been closed in each instance upon the 
assumption that it was a perforated peptic ulcer After subsequent events and 
studies had proven these cases to be perforated carcinomas, resection was per- 
formed Furtheimore, it is apparent from the histones that several additional 
cases which failed to survive simple closure had resectable lesions which prob- 
ably would have been resected at a second operation 

For comparison with this record of two-stage management, there are avail- 
able in the literature the records of 15 primary resections, including our case, 
with the inci edible lesult of only two fatalities, a mortality of only 13 per cent 
In the series of cases collected by And theie were seven primary gastrec- 
tomies, with no mortality McNealy and Hedin reported seven primary gas- 
trectomies, with two fatalities, in a group of cases collected by them from the 
lecords of Cook County and Wesley Memorial Hospitals Both authors 
expressed the opinion that the superior results from primary gastric resection 
should be accepted with certain reservations They believed that it was rea- 
sonable to assume that cases subjected to gastiectomy were in the most 
favoiable general condition, and that theie is probably a tendency to report 
solitary successes and for the failures to be absent from the literature These 
intangible factors in the available data make a comparative estimate of the 
merits of the single- and two-stage operations impossible However, it is our 
opinion that the hazard of a gastiectomy in the presence of a diffusely soiled 
peritoneal cavity has been grossly overestimated, and the hazard of leakage 
from a sutured perforation in carcinomatous tissue much underestimated 

CONCIitrSIONS 

1 Acute perforation into the free peritoneal cavity is an infrequent but 
not a rare complication of carcinoma of the stomach 

2 Approximately 50 per cent of carcinomas which perforate are otherwise 
resectable upon the basis of generally accepted standards 

3 In many perforated carcinomas there has been failure at operation to 
recognize the presence of a neoplasm This fallacy can be prevented by routine 
frozen-section examination of a biopsy from the edge of all gastric per- 
forations 

4 For resectable lesions emergency primary gastrectomy is the operation 
of choice 
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In 1940, one of us saw in consultation on the Medical Ward at the 
Massachusetts General Hospital a 62-year-old man who had been admitted 
to the hospital because of a massive hemorrhage from a duodenal ulcer 
His bleeding stopped and an elective subtotal resection of his stomach was 
performed six weeks later He died on the eighth postoperative day from 
a geneial peritonitis At autops}’-, the infection was found to arise at the 
duodenal stump, although no actual peifoiation could be demonstrated. 

One year later, a 57-year-old man was operated upon under similar 
conditions Six days after subtotal resection, there was leakage from the 
duodenal stump requiiing drainage, this patient did well following his 
second operation 

As a result of these experiences, and otheis which we had observed on 
the wards of the hospital, two of us undertook a study of the records of a 
group of patients who had had subtotal resection of the stomach for duo- 
denal ulcer 

At the Massachusetts Geneial Hospital subtotal resection is the accepted 
operation for intractable duodenal ulcer By subtotal resection, we mean a 
removal of the distal two-thirds of the stomach to or beyond the pyloric ring, 
or the removal of all of the distal two-thiids except a small segment of the 
antrum from which the mucosa has been excised 

For purposes of this study, we have excluded those patients who had 
emergency opeiations because of acute massive hemorrhage and those patients 
upon whom subtotal resection was performed after some previous elective 
surgical procedure had been earned out on the stomach 

In this paper the hospital morbidity and moitality in 175 subtotal resections 
done in the period 1936-1941 will be analyzed and contrasted with the results 
in 145 resections in 1942 and 1943 As one of many factors producing an 
improvement in the second group, a technic for the performance of subtotal 
gastrectomy in two stages will be described 

IMJIEDIATE RESULTS FOLLOWING SUBTOTAL RESECTION OP THE STOMACH 

MASSACHUSETTS GENERAL HOSPITAL 

1936-1941 

One hundred and seventy-five subtotal resections of the stomach were 
performed from 1936 through 1941 Fifty-five of these operations were per- 
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Table I 

PEPTIC ULCFR 


179 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 
MASSACHUSETTS GENERAL HOSPITAL — 1936 THROUGH 1941 


Location 

Operative Procedure 

Cases 

Deaths 

Mortality 
Per Cent 

Stomach 

Classical subtotal resection 

SS 

0 

0 

Duodenum 

Classical subtotal resection 

106 

8 

7 S 


Antrum left m (Finsterer) 

S 

1 

20 


Antrum m mucosa excised 

7 

1 

14 


Subtotal resection in two stages 

6 

0 

0 


Totals 

179 

10 

S 6 


Duodenal ulcer totals 

124 

10 

8 1 


formed for gastric ulcer, with no death One hundred and twenty-four 
operations were undertaken for duodenal ulcer, with ten deaths, a mortality 
of 8 I per cent The various types of operations are shown in Tables I-IV 
Not only the fatal but also the nonfatal complications have at times 
proven to be very trying m this group of patients, and the 124 cases of 
duodenal ulcer were carefully studied fiom this point of view The results 
of this study are grouped in Table II There were 27 major postoperative 

Table II 
DUODENAL ULCER 

COMPLICATIONS FOLLOWING 124 SUBTOTAL RESECTION OF TIIF STOMACH 
MASSACHUSETTS GENERAL HOSPITAL — 1936 THROUGH 1941 

Fatal Nonfatal 

Peritonitis 

Cause undetermined 2 0 

Duodenal stump 3 4 

Pulmonary 2 6 

Hemorrhage (K deficiency ) 1 0 

Malfunction of stoma 0 17 

Miscellaneous 2 0 

Total complications — Fatal and nonfatal 10 27=37 or 30% 

Table III 

CAUSES OF DEATH IN 10 FATAL CASES AFTER RESECTION OF THE STOMACH FOR DUODENAL ULCER 
MASSACHUSETTS GENERAL HOSPITAL — 1936 THROUGH 1941 


Case 



Type of 



No 

Age 

Anesthesia 

Operation 

Cause of Death 

Comment 

31312 

51 

GOE 

Finsterer with 

Peritonitis * cause 

Stomach freed to pylorus 




antrum left in 

undetermined 

'stump turned in with diffi- 
culty 

112986 

62 

GOE 

Classical resection 

Peritonitis from duodenal 

Recent hemorrhage active 





stump No leak demon 
strated* 

ulcer 

118122 

33 

GOE 

Antrum in mucosa 

Bronchopneumonia, 

"Large mass at ulcer site ' 




excised 

? peritonitis 


285787 

44 

Spinal 

Classical resection 

Peritonitis — rupture of 

'Stump never properly turned 





stump* 

in 

1S85SS 

51 

GOE 

Classical resection 

Peritonitis — rupture of 
stump* 

Ulcer broken into 

201442 

45 

Local — 

Classical resection 

Hemorrhage — K deficiency 




Procaine 



306645 

68 

GOE 

Classical resection 

Bronchopneumonia 

Recent hemorrhage 

295426 

50 

GOE 

Classical resection 

Bronchopneumonia 

General peritonitis* 

Difficulty vith anesthesia 

98256 

49 

GOE 

Classical resection 

Coronary thrombosis* 

Nearly ready for discharge 

290661 

54 

GOF 

Classical resection 

7 Uremia 



♦ Autopsy 
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complications in this group which were not fatal, but which did endanger 
the life of the patient and prolonged his hospital stay Thirty-seven, oi 
30 per cent of this entiie group, either died or had some serious complications 
111 addition to this, 36, or 31 per cent of the patients surviving opeiation, 
had an elevation of temperature to 101° F, or more, which did not return 
to a normal level until at least six days after operation 

A study of the causes of death in the ten fatal cases is instructive (Table 
III) Five, or one-half of the deaths, lesulted from peritonitis, proven at 
autopsy, and a sixth case had clinical findings consistent with peritonitis 
In three of these cases, the autopsy findings definitely showed the duodenal 
stump to be the source of the peritonitis In two of the cases, it was impossible 
to determine where the peritonitis had originated Pulmonary complications 
accounted for only two deaths 

Because our own experience has strongly suggested that the duodenal 
stump and its management played an important role m the morbidity and 
mortality following subtotal resection for duodenal ulcer, the group of ten 
patients having peritonitis following lesection were studied with particular 
care In seven of these ten cases, the infection arose from the duodenal 
stump (Table IV) 

Comments — A review of this group of cases, some of the moie important 
aspects of which are discussed above, gives rise to certain questions Why 
is a subtotal resection for gastric ulcer so much safer than it is for duodenal 
ulcer ^ During a period at the Massachusetts General Hospital when the 
gieat majority of resections of the rectum and large bowel for cancer are 
performed by the Resident and Junior Visiting staff, why are 64 per cent 
of the resections for duodenal ulcer peiformed by the Senior members .of 
the staff, with a mortality of over 8 per cent^ If subtotal resection of the 
stomach is the proper treatment for those cases of ulcer requiring surgical 
intervention, should it not be brought into the gioup of operations which 
can be safely and well done by any good abdominal surgeon who understands 
the basic principles of intestinal resection and anastomosis^ 

Duodenal ulcer is a disease of young and middle-aged people The average 
age for this entire senes is a little over 48 years, the youngest being 17 
and the oldest 76 If the patient survives operation, he has an excellent 
chance of being cured and living a useful and productive life It seemed 
proper, therefore, that certain objectives should be laid down for the man- 
agement of these cases m a large general hospital such as ours These 
were formulated somewhat as follows The mortality for a resection for 
duodenal ulcer should not exceed that following the same operation for 
gastric ulcer Since duodenal ulcer is a benign lesion, since the average 
age of our patients is 48 years, and since most patients who come to a 
resection for duodenal ulcer have been invalided for varying periods of 
time, expenditure of time becomes secondary to a successful and safe 
operation 

According to our concept of a subtotal resection of the stomach for 
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duodenal ulcer, the procedure really amounts to two distinct opeiations 
First, the freeing of the duodenum and a satisfactory inversion of the 
duodenal stump In the piesence of an active ulceration with or without 
surrounding induration and edema, this may be a veiy formidable and time- 
consuming procedure, it may be tiying to the surgeon and dangerous to 
the patient 

The second phase of the opeiation is the removal of an adequate amount 
of stomach and a careful gastrojejunostomy This is usually the easier of the 
two It is also the more important to the patient surviving operation, since 
the permanent benefit which he derives will depend upon the removal of an 
adequate amount of stomach and a satisfactory gastrojejunostomy As de- 
scribed and carried out by most suigeons, the anastomosis is performed after 
the duodenal stump has been freed and turned m This means that m many 
instances there has been local soiling, the operator may have been working 
under tension and be tired, and many times the anastomosis is not carried 
out with the caie and delibeiation which is essential to the best results It is 
on the basis of this reasoning that m selected cases we proposed to carry out 
subtotal gastrectomy m two stages 

SUBTOTAL RESECTION OF THE STOjMACH IN TWO STAGES 

Since the early days of subtotal gastrectomy, the problem of the duodenal 
turn-m has vexed the surgeon dealing with duodenal ulcer In 1918, Fm- 
sterer,^ who at that time had alieady had a wide expeiience with gastrectomy 
m various forms and had perfoimed 200 anastomotic piocedures involving 
removal of the stomach, desciibed his “lesection for exclusion” (of the ulcer) 
In this paper he refers meiely to the pioceduie of tiansectmg and doing a 
turn-m proximal to the ulcer, stiessmg that massive gastric removal and not 
excision of the ulcer itself is the desidei ahtm of the operation He states 
that m five out of 24 cases he had left the ulcer m, with no untoward results 
He then goes on to say that if the ulcer is near the pylorus and the 
suigeon elects a resection foi exclusion, this natuially involves transsecting 
the stomach proximal to the pylorus, m which case the antial mucosa should 
be excised He does not give any details of how he does this He quotes 
Edkins- woik of 12 yeais befoie, showing the impoitance of antral tissue 
III the hormonal control of gastric secietion 

Wilinanns,^ m 1926, states that for two and one-half yeais he had been 
tiymg Doctor Finsteier’s proceduie of excluding the ulcer, and that when- 
ever tins involved transection pioximal to the pylorus he carefully excised 
the mucosa and closed the sei omuscular remnant with a “button-stitch ” 
Of 3/ cases using this technic, he had had one postoperative death He does 
not state how many of these actually involved antral mucosa excision, as 
the transection was pioximal to the pylorus only m those cases where this 
was rendered technically essential by the mfiammatoiy process around the 
pylorus 

In 1931, Druner^ reiterated this thought, simply stating that antral mucosal 
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lemoval is mandatory if the duodenal pathology precludes transection distal 
to the pylorus Bancroft,^ in 1932, described this maneuver and brought it 
to light in the English literature Since that time, this procedure has been 
tried in seveial clinics, frequently with attendant technical difficulties Wangen- 
steen® reports two subphrenic abscesses in 13 operations, and recommends 
approximation of the muscular surfaces of antral wall rather than the usual 
type of turn-in Allen and Welch'^ had one death in their first 13 cases of 
mucosal excision, but have subsequently followed Wangensteen’s recom- 
mendations with satisfaction Excision of the antral mucosa involves a 
b’oody dissection with the stomach open and, therefore, potentially contam- 
inates the field with virulent organisms , it involves the closure of a denuded 
and bleeding seromuscular pocket which has often been found to be difficult 

The resection for exclusion, as conceived by Finsterer, seemed to us to 
represent the ideal first step of a two-stage procedure having as its objective 
the safe removal of the entiie lower two-thirds of the stomach It was 
anticipated that after six to twelve weeks had elapsed, the inflammatory 
process around the duodenum would subside, the ulcei probably heal, and 
excision of the antial segment could then be safely, if not too easily, 
undei taken 

Stimulated by this background and by the statistical incidence of post- 
opeiative complications tiaceable to technical difficulties centering about 
the removal of posterior wall duodenal ulcei s in the acute phase, the occurrence 
of an opportunity to try the new technic was welcomed Early in 1941, 
a patient with a bleeding duodenal ulcer was seen in consultation at the 
Palmer Memorial Hospital He presented an extremely difficult problem 
Fifty-two 5^ears of age, with an eight months’ history of ulcer, he had been 
bleeding foi two days and was in a seveie state of nutritional depletion 
and acute blood loss Attempts to transfuse him into acceptable shape foi 
surgery produced extreme thermal reactions which, m retrospect, were 
probably due to anti-Rh agglutinins in his seium Furthermore, a complete 
pyloric obstruction aggravated his physiologic imbalance We did not 
then, and do not now, think that gastro-enterostomy is a satisfactory operation 
for this, 01 for any patient with an active ulcer Therefore, an operative pro- 
cedure permitting the ulcer to heal or lemoving it seemed the only solution 
to the problem , yet the patient, with an active posterior wall ulcer, a protein 
of 5 3 per cent, and commensurate disoider of water and electrolyte balance, 
fell into the group of patients wi'h duodenal ulcer who are the poorest risks 

Thiough a left paramedian incision the stomach was transected at the 
angulus and dissection carried towards the fundus, transecting the stomach 
at the level of an adequate subtotal resection and the anastomosis done At- 
tention was then turned to the antral end of the stomach, the duodenum 
was seen to be involved m an extensive acute inflammatory mass There- 
fore, the antral end of the stomach ivas turned in and the abdomen closed The 
patient’s convalescence was uneventful, he had no further bleeding, and six 
yceks later the antral end of his stomach w^as removed through a right 
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muscle-splittmg incision At this operation the field of anastomosis and 
previous dissection was not entered or distuibed in any way The duodenal 
mass had disappeared, and the tissues in that region, while scarred and 
adherent, had lost then inflammatory character, were no longer involved 
in an acute process, and their removal was a relatively simple matter 
In this way the patient had been given an adequate subtotal gastrectomy 
conforming in every nay to piesent day concepts, yet with a minimum of 
risk and operative trauma and without excessive expenditure of time 

Since that time, this piocedure has been found useful in situations where 
removal of duodenum m the acute phase of ulceiation rendered subtotal 
gastrectomy unjustifiedly hazardous 

This procedure has now been carried out m 37 cases , and our experience 
with it IS extensive enough to draw conclusions as to its place m gastiic 
surgery 

We are of the opinion that the two-stage gastrectomy vill find usefulness 
for the skilled and experienced gastric suigeon m the occasional case where 
the inflammatory fixation of p3dorus and duodenum destioys landmarks and 
renders adequate duodenal closure difficult or impossible For the surgeon 
whose practice includes only occasional gastric resections, the two-stage 
operation offers a safe and reliable proceduie which will not subject his 
patient to an unreasonably long or shocking operation For the Resident 
who is beginning his gastric experience and who wishes to take adequate 
time and care for each maneuver involved m a lesection, the procedure is 
.deal At first, he can do the second stage, becoming acquainted with 
duodenal turn-m procedures, then going to fiist-stage operations, learning 
to perform a careful anastomosis m an unhurried fashion Finally, he is 
leady to perform the one-stage operation at a time when he has gamed 
self-confidence and practice m both phases of the procedure 

OPERATIVE TECHNIC 

As a result of our study of the group of cases mentioned above, and of 
our experience with the two-stage operation, we have formulated a definite 
plan m teaching the Resident Staff on our Service the technic of subtotal 
resection for duodenal ulcer This plan utilizes the knowledge that the 
removal of the proximal segment of stomach is most easily accomplished 
isith the distal end divided and free to manipulate, whereas, the dissection 
around the pylorus is most readily accomplished when approached from the 
left, with the stomach free It emphasizes the importance of careful removal 
of an adequate amount of stomach and a careful, unhurried anastomosis 
The details of technic are shown m the accompanying illustrations 

A Levine tube (Nos 18 or 20 F ) is passed into the stomach on the 
morning of operation and is kept on gentle suction thioughout the operation 
Fust Stage — The abdomen is opened through either a left subcostal 
or a left paramedian incision The stomach is transected between clamps at 
a point at least eight centimeters proximal to the pylorus If the stomach 
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IS large and markedly edematous, the point of transection should be still 
higher It is of extreme importance in selecting the point of transection that 
a sufficiently long segment of stomach be left at the pylorus to facilitate 
the antral turn-in if this should be indicated This will usually take more 
stomach than at fiist seems necessary The anti urn is roughly a triangle 
with the apex at the pyloius, if the segment is too short, it becomes difficult 
or impossible to turn the wide base into the lelatively narrow apex 



I IG I — The stomach is transected with a cautery betw ecn clamps at least 8 cm 

proximal to the pylorus 


Each cut end of the stomach is coveied with a gauze sponge which is 
tied in place A subtotal lesection on the proximal segment is earned out 
at the point of election, a gastiojej unostomy is then performed We prefer 
a posterior anastomosis of the Hoffmeistei-type, and if, for any leason, this 
IS difficult or impractical, an anterior anastomosis, using a long segment of 
the jejunum (approximately 30 cm from the ligament of Treitz), is 
established 

We believe that this procedure should be earned out with deliberation and 
care and every effort made to minimize trauma, and contamination We 
are particularly careful to armid manipulation of the jejunum and under 
surface of the transverse mesocolon, nhich will later come in contact with 
the region of the anastomosis We believe that local soiling, trauma, and 
resulting adhesions play an important part in postoperative stomal obstructions 
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While many surgeons prefer the use of nonabsorbable sutures, and feel 
that they are essential to satisfactory results, we use continuous Nos oo or ooo 
chiomic catgut foi both the outside and inside layers If a fine suture is 
used, we feel that the care and piecision Avith which the anastomosis is made 
IS of greater importance than the type of material used If a posteiior anas- 
tomosis IS used, great care is taken to suture the transverse mesocolon at least 
one centimetei, preferably two centimeters above the line of anastomosis 



Aftei the completion of the anastomosis, attention is turned to the antral 
stump If there is an inflammatory reaction present, if the duodenum is 
edematous or adherent, or if there is any question in the judgment of the 
operator as to the advisability of completing the operation in one stage, the 
end IS closed with a double layer of catgut and a single layer of fine cotton 
or silk, and the operation concluded If, however, the patient is in good condi- 
tion, and the duodenal stump is flexible, the operation is completed m 
one stage 

Early in our experience with this operation, we were apprehensive about 
the safety of closing the antral segment in a patient with a high degree of 
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obstruction We have now done this in patients who were clinically completely 
obstructed, and it is our conviction that if an adequate remnant of antrum 
IS left, so that the end can be turned in without trauma or tension, there 




Fig 3 — Preparation of the gastru remnant for the anasto 
mosis The crushed end has been suture 1 and the clamp removed 
By gentle downward traction on the end of the first suture (A) 
the upper end is easily and completely inverted Triple zero catgut 
IS used for these layers, a third layer of interrupted No 70 
cotton or No 3 silk is used as the outside layer 

Will alwa3fs be opening enough through the narrowed duodenum to permit 
passage of the very small amount of secretion which will be present from the 
antral mucosa 

Jejunostomy for feeding purposes is performed upon patients with diabetes 
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mellitus and in those patients whose nutritional status is exceptionally poor 
and where immediate jejunal feedings are indicated 

Second Stage — Depending upon the condition of the duodenum at the 
time of the first stage, the second step is cairied out m from three to twelve 
weeks after the initial operation The patient is usually discharged m 14 to 16 
days after the primary opeiation If too short an mteival between operations 
IS chosen, the removal of the antial stump and a satisfactory duodenal turn-m 
will be unnecessai ily difficult If the interval is too long, there is the definite 
hazard of the development of a jejunal ulcer 



Fig 4 The anastomosis is earned out as shown above The distal loop of the jejunum is placed 
at the ^eater curvature end of the stomach A rubber covered clamp is placed on the jejunum but 
not on the stomach Two layers of No oo or No ooo catgut are used, the anterior layer and ends are 
reinforced by a few No 70 cotton sutures The proximal loop about i cm below the line of anastomosis 
IS sutured to the Ipser curvature of the stomach to protect the inner corner and to relieve any 
tension from the end of anastomosis 

The abdomen is opened through a right-sided incision, a subcostal incision 
being an excellent approach We have also used a right rectus-sphttmg and 
a paramedian incision The antral segment is readily found , the adhesions at 
its proximal end aie fieed without difficulty, and the dissection carried 
down to a level at which a satisfactory duodenal turn-m can be obtained It is 
not necessaiy to remove the ulcer site If it is immediately distal to the pylorus, 
the dissection v ill usually be carried past its bed and an easy turn-m obtained 
There can be no standard method for turning m this duodenal stump It 
may be done m one of the classical methods as shown in the accompanying 
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Fig s — In the posterior gastrojejunostomy the cut edge of transverse 
mesocolon is sutured to the posterior surface of the stomach before the anas 
tomosis is started This suture line is at least 2 cm above the line of 
anastomosis Great care is taken to avoid trauma 111 the region of the anasto 
mosis, particularly to the under surface of the mesocolon All possible 
manipulation is done from above 



Tic C — Posterior Hofmeistcr anastomosis Suture of transverse mesocolon well 
above line of anastomosis at completion of gastrojejunostomy We are now using a con 
tinuous No 70 cotton for this suture 
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illustration At times the lumen is extremely small so that a tie may be 
applied and the end turned in, not unlike an appendix stump Our experience 
with one difficult case, in which the common and pancreatic ducts were both 
divided during the course of an extremely careful dissection, convinces us 
that there is the occasional case in which the ulceration has been so large that 
when the contiactuie of healing has taken place, it will be unsafe and unwise 
to attempt dissection down onto the duodenum Although we have not yet 



Steps in closure of antral stump as final step in 'first stage of tuo-stage 
„ , lajers of continuous No oo catgut are used and a third layer of inter 

1*^ cotton Note that in second and third layers the iniersion ahvays starts 
trom each corner and ends in the middle 


done it, we feel quite convinced that there will be the occasional case m 
which the lemoval of a portion of the antrum and excision of the remaining 
antral mucosa will be the piocedure of choice If this procedure is elected, 
we strongly advocate the technic as described by Wangensteen in which no 
attempt is made to inveit the antial end, but lather to approximate carefully 
the denuded muscular sui faces 
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RESULTS IN TWO-STAGE GASTRECTOMT 

Forty-three patients have had two-stage gasti ectomies performed at the 
Massachusetts Geneial Hospital and Baker Memorial, or m private practice 
at the Palmer Memoiial Hospital and Phillips House Of these, four do not 
fall into the primary series comparable to the one-stage gastrectomies reviewed 
m the foregoing sections because they either had previous corrective gastric 
surgery oi were operated upon as an emeigency proceduie because of massive 
bleeding One patient had an atypical two-stage procedui e not conforming 
to the technic herein described 



Tic 8 — Completed first stage operation (anterior Hofmeister gastro;ejunos 
toray) Note that there has been no dissection of the antral segment 

The remaining 39 cases, however, are pertinent to these statistics, have 
had the two stages completed and have been followed long enough to be 
subject to analysis There have been no deaths 

These 39 patients are distiibuted as follows in regard to their service 


M G H 28 

West Surgical Seivice 22 

East Surgical Seivice 6 

Private cases 1 1 


*The U\o-stage operation is not indicated for acute massive hemorrhage It was 
done in this one case because the local condition of the duodenum forbade any type of 
direct attack on the ulcer He died one week later No autopsy could be obtained, 
but no subsequent bleeding had occurred 
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The age distribution is essentially that of duodenal ulcer in general, as 
shown in Table V. It is of interest that two of the patients were in their 
’teens, and two in the eighth decade of life 


Age-group 

Table V 

TWO-STAGE GASTRECTOMY 

AGE DISTRIBUTION 

No of Cases 

Per Cent 

10-20 

2 

5 1 

21-30 

0 

0 

31-40 

7 

18 0 

41-50 

7 

18 0 

51-60 . 

13 

33 3 

61-70 

8 

20 4 

71-80 

2 

5 2 


39 100 0 

Of the 39 patients in the group, 36 are males, 3 females Seventy per 
cent had their operative program completed prior to July, 1943, and have 
been followed for a year or more 

Table VI 

TWO-STAGE GASTRECTOMY 


INDICATIONS FOR GASTRECTOMY 

No of Cases Per Cent 


Intractability 

5 

12 8 

Obstruction 

16 

41 0 

Obstruction -f- recent perf 

3 

7 7 

Obstruction -f bleeding (past) 

6 

15 4 

Total obstructed 


25 

Recent severe hemorrhage 

6 

15 4 

Carcinoma of pylorus? 

3 

7 7 


39 100 0 

The indications which brought these patients to surgery are shown in 
Table VI It should be noted that 65 per cent of the group had obstruction in 
one form or another and that almost 80 per cent were either obstructed, 
had bled, or both This emphasizes the fact that the two-stage gastrectomy 
finds Its greatest usefulness in the extremely poor-risk patient 

The reasons for selecting a two-stage procedure are tabulated in Table VII 
It is significant that 80 per cent of the patients had a two-stage procedure 


Table VII 

TVSO-STAGE GASTRECTOMY 
INDICATIONS FOR TWO-STAGE GASTRECTOMY 



No of Cases 

Per Cent 

Local duodenal and pylonc reaction 

20 

51 3 

Local reaction -f- poor risk 

5 

12 9 

Local reaction + recent hemorrhage 

1 

2 6 

Local reaction -f obstruction 

5 

12 9 

Total local reaction, etc 

31 


Obstruction poor nsk 

4 

10 0 

Obstruction -k bleeding 

1 

2 6 

Peculiar build 8^ mechamcs of oper 

1 

2 6 

Recent hemorrhage poor nsk 

2 

5 1 


39 

100 0 
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selected because of locally difficult conditions at the duodenum This is the 
indication pai excellence for delaying antral removal and allowing the in- 
flammatory process to subside 

We have stressed in the previous section that the two-stage procedure is 
well adapted to training of residents In Table VIII is shown the status of 


Table VIII 


TWO STAGE GASTRECTOJiy 
STATES OF OPERATING SURGEONS 


MASSACHUSETTS GENERAL HOSPITAL 


First Stage 

No of Cases 

Per Cent 

Senior Visiting Surgeon 

13 

46 4 

Junior Visiting Surgeon 

9 

32 2 

Resident Surgeon 

6 

21 4 


Second Stage 



Senior Visiting Surgeon 

2 

7 4 

Junior Visiting Surgeon 

S 

18 5 

Resident Surgeon 

20 

74 I 


27 

100 0 

Total operations by Residents 

26 

47 S 


Table IX 

TWO-STAGE GASTRECTOMY 

Complications of the first-stage operation 

No of Cases 


No complications 34 

Complicated S 

Malfunction requiring jejunostomy 1 

(jejunostomy 16th day — stoma opened 32nd day) 

Fever and jaundice 1 

(cleared spontaneously without explanation) 

Pulmonary edema requiring oxygen 1 

(?fluid — fbronchitis) 

Unexplained temp rise to 102° F 1 

(no explanation) 

Hepatitis — ^jaundice — Fpulm infarct 1 

(probably sulfonamide toxicity) 

No deaths 


One jejunal ulcer at 3 months healed excision of antrum (2nd stage) 


Per Cent 
87 
13 


surgeons performing the two operations on the Massachusetts General Hospital 
cases It IS noteworthy that over 20 per cent of the first-stage operations and 
75 per cent of the second-stage operations were performed by the Resident 
Staff It should be recalled in this connection that this group of patients 
falls into the bad-risk group, and yet, by employing the two-stage maneuver, 
fully 50 per cent of the total number of operations may be performed by the 
Resident Staff with safety 


COMPiaCATIONS OF THE TWO-STAGE PEOCEDURE 

In Table IX are shown the complications of the first-stage operation One, 
a malfunctioning stoma, was a major complication and required a jejunostomy 
The stoma opened on the 32nd day, and the patient has done well since 
This patient had coexistent polycythemia vera The other four complications 
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were minor and evidently unrelated to the technical procedure employed 
All subsided spontaneously 

In Table X are shown the second-stage complications. Three of the 
37 second-stage operations developed complicated courses Two of these 
w'ere unrelated to the technical procedure and subsided without treatment 


Table X 


two-stage GASTRECTOM'i 


COMPLICATIONS OF THE SECOND-STAGE OPERATION 


No complications 
Complicated 

Pulmonary edema requiring bronchoscopy 
Hepatitis, pulm infarct? 

Stump blowout, with subdiaph abscess 
No deaths 


No of Cases Per Cent 


36 

3 

1 

1 

1 


92 3 

7 7 


The patient with hepatitis and a pulmonary infarct had had the same com- 
bination following his first operation , the same is true of the pulmonary edema 
developed by one patient The latter case would have done better had he 
had his second stage done under local or spinal anesthesia rather than gas- 
oxygen-ether which, apparently, produced considerable bronchitis and edema 
One of the second stage complications was major and almost cost the 
patient his life This was a very difficult duodenal turn-in in an adherent 
posterior w^all ulcer The patient developed a periduodenal abscess which 
was drained and a duodenal fistula which closed spontaneously He then 
developed a left subphremc abscess which was drained, this healed, and he 
has done well since One cannot but speculate on what havoc would have 
been wrought by this sepsis m a patient with a fresh gasti ectomy However, 
in this patient the resection and anastomosis had been done seven weeks 
before, and through his stoimy second-stage convalescence he never developed 
any evidence of nutritional imbalance or stomal malfunction 

Another patient wdiose postoperative course was quite smooth and who 
does not, therefore, fall into the group of postoperative complications, 
nevertheless, had intraoperative complications m his second-stage operation 
which are of considerable inteiest This patient went 14 weeks between 
stages, and at his second stage presented an extremely adherent posterior 
wall ulcer, wuth the duodenum fused to tne pancreas In fieeing up the 
duodenum the common and pancreatic ducts were severed The common 
duct was anastomosed to the duodenum over a vitallium tube and the cut 
end of pancreatic duct was turned into the duodenum The patient had 
a smooth convalescence, and has remained w'^ell (one year) 

These last tw'O patients have made it clear that the second stage can be 
complicated at times e\en if the inflammatory lesion has subsided and ad- 
herent scar IS the only residual We have found that difficulties are minimal 
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m those cases which aie allowed longest between stages However, any 
wait of over thiee months probably begins to run the risk of jejunal ulceration 
Therefore, we piefer to wait six to twelve weeks between stages and see 
no reason why the patient cannot return to full activity for a part of this 
interval 



Fig 9 — Second stage — removal of antral stump The antrum is exposed through 
ncht upper quadrant incision The antral stump readily identified, grasped with Allis 
forceps and dissected free Inserts i, 2, and 3 show different methods of placing first 
layer of sutures — depending upon length of duodenal stump A second layer of No 000 
catgut and a third lajer of interrupted No 7 U cotton are used 
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RELATION OF ANTRUM TO JEJUNAL ULCER 

One may ask, must the antrum always be removed ^ Our answer to this 
question is an unqualified “yes This conclusion is based upon three con- 
siderations 

(1) Edkm’s^ work demonstrating that a substance in antral mucosa, 
injected intravenously m dogs, produces a massive gastric secretion even m 
isolated gastric tissue 

(2) The fact that nine patients known to us, one of them in this series, 
developed jejunal ulcers when the antrum was left m for from three to 
thirty-six months after a Fmsterer-type proceduie 

(3) The fact that all of these cases have had their jejunal ulcer cured by 
antral excision alone or in combination with a higher resection 

Review of Edkiii’s work and subsequent physiologic investigation of the 
hormonal factors in gastric secretion cannot be detailed here Suffice it to 
say that, as early as 1906, he had shown that “extracts made of the pyloric 
mucus membrane in boiling water or 4 per cent hydrochloric acid contain 
an active substance which on injection into the blood vessels of an animal 
leads to a secretion of gastric juice ” He goes on to state that “extracts of 
fundus do not contain this substance ” 

This work suggests strongly that the antral mucosa is, in truth, an 
endocrine gland occupying a key position in the secretory mechanism, and 
that responses from its mucosa govern much of gastric secretory activity, 
the autonomic and intrinsic nerves governing the rest 

Therefore, to encounter even one case of subtotal gastrectomy where a 
small amount of retained antral tissue was associated with a jejunal ulcer, 
and where removal of the antrum alone accomplished a cure of the ulcer, 
would be highly significant We ha\e had, now, four such cases in this 
hospital, as well as three others whose jejunal ulcer was only cured by re- 
resection where that operation included antral removal (Table XI) These 
leave little room for doubt concerning the necessity for removal of the antrum 

The first case to be relieved of jejunal ulcer solely by antral excision 
was a patient who, after three gastric operations, including a subtotal resection 
elsewhere, entered the Massachusetts General Hospital with a large marginal 
ulcer (Table XI) Pain, which was severe, was unimproved by a careful 
medical regimen, and roentgenograms showed no change in the size of the 
ulcer Realizing the potentialities in regard to antral tissue remnants, this 
patient %vas explored, and a retained antrum found Its removal was easily 
accomplished and nothing further was done Awakening from the anesthetic, 
the patient stated that he \ias free of pain The pain did not return, and 
a roentgenologic examination 14 days later showed no evidence of ulcer 
remaining He was still symptom-free three and one-half years later 

The second case m this group was one of the patients in our series of 
two-stage operations He was a man, age 76, and had done so well following 
his first-stage procedure that his attending physician vas somewhat opposed 
to running any further, possibly unnecessary, risks He, therefore, did not 
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Table XI 


JEJUNAL ULCERS CURED BV ANTRAL EXCISION* 



Previous 

Operations 

Interim 

Findings 

Admission 

Findings 

Operation 

Result 

Case I (Male) 
No 234657 
Age 36 

Ulc hist 

19 yrs 

'22— PGE&‘ suture of 
ulcer 

38 — PGE undone 
'39 — (Jan ) ‘ Three 

inches of stomach 
removed 

39— (Oct ) "Two- 
thirds of stomach 
removed 

(All above operations 
done at outside hospital) 

'23 — Hemorrhage 
'38 — ^Jejunal ulcer 
'39 — Hemorrhage 

40 — Recurrent 
hemorrhage 
'40 — Feb pt 

entered MGH 

1 5 cm Removal 

marginal of antrum 
ulcer (x-ray) (3-21-40) 
(2-26-40) 

Ulcer gone in 3 
wks Well since 
(3 yrs ) 

Case 2 (Male) 
No 380013 
Age 76 

Ulc hist 

4 mos 

42 — (Nov ) Ist stage 
gastrectomy 
Antrum left in for 
later removal 
(MGH) 

43 — (Feb ) Recur- 
rence of pain 

Jejunal 

ulcer 

(X-ray) 

(9 5 43) 
Much pain 

Removal 
of antrum 
(9 8 43) 

Pain immediately 
relieved Ulcer 
much decreased in 
size (x-ray) in 11 
days Well since 
(8 mos) 

Case 3 (Male) 
No 368692 

Age 30 

Ulc hist 

12 yrs 

36 — Perforated ulcer 
sutured 

42 — (Jan ) Subtotal 
gastrectomy 
(At outside hosp ) 

42 — (Feb ) Recur- 
rence of pain 
immediately 
postop 

'42 — (April) Two 
hemorrhages 

42 — August pt 
entered MGH 

Jejunal 
ulcer 
(X ray) 
(8-4-42) 

Removal Decrease in size o^ 
of antrum ulcer in 3 wks 
Lysis of Well since (1 yr ) 

adhesions 

Jejunostomy 

(8-6-42) 

Case 4 (Male) 
No 162506 

Age 68 

Ulc hist 

2 yrs 

36 — (May) Finsterer 
op Antrum left in 
'36 — (Nov ) Resection 
of jejunal ulcer 
and removal of 
more fundus 
(Done at MGH) 

36 — ^Jejunal ulcer 

1 3 cm 

marginal 

ulcer 

Reresection 
plus re- 
moval of 
antral 

mucosa 

(11-4-39) 

Well since Nega- 
tive x-ray 
(12-7-39) 

Case 5 (Male) 
No 81857 

Age 34 

Ulc hist 

10 yrs 

37 — (Dec ) Finsterer 
op Antrum left in 
(Done at MGH) 

39 — ^Jejunal ulcer 

Jejunal 

ulcer 

Reresection 
plus re- 
moval of 
antrum 
(2-20-40) 

Well since 
(3 yrs ) 

Case 6 (Male) 
No 400869 

Age 52 

Ulc hist 

21 yrs 

43 — (May) Ist-stage 
gastrectomy 

Antrum left m for 
later removal 
(MGH) 

43 — (Oct ) Recur- 
rence of pain 
2nd stage not 
done as planned 

Jejunal 

ulcer 

(X-ray) 

(5-11-44) 

Removal 
of antrum 
(5-12-44) 

Pam immediately 
relieved Ulcer 

smaller 1 1 days 
Disappeared 18 
days Well since 

Case 7 (Male) 
No 430805 

Age 32 

Ulc hist 5 yrs 

38 — Perforated ulcer 

43 — (May) ‘Subtotal 
gastric resection 
(Outside hospital) 

43 — (Dec ) Jejunal 
ulcer 

Jejunal 
ulcer 
Virtually 
no stomach 
resected 

Reresection 
plus re- 
moval of 
antrum 
(12-18-43) 

Well since 
(5 mos ) 


* Dr Samuel F Marshall of the Lahey Clinic Boston Mass has kindly informed us of two additional 
cases of jejunal ulcer cured by antral excision This brings the total number of cases on record up to nine 
One of Doctor Marshall s patients had had txto gastric resections dunng a four-year period with persistent 
jejunal ulceration Remo\al of the antrum alone relieted the situation completely, and the patient has been 
well since (10 months) 

Doctor Marshall s second case was a patient who had had a resection of the stomach four years previously 
who had recently developed a jejunal ulcer, and whose jejunal ulcer has been completely healed by resection 
of the antrum 


550 



Volume 120 
Number 4 


GASTRECTOMY FOR DUODENAL ULCER 


have a second stage as soon as is usually planned However, three months 
postoperatively, he developed signs and symptoms of a jejunal ulcer He 
faced this for seven months, and then returned for operation Roentgenograms 
showed a large jejunal ulcer, and a routine second-stage was carried out, the 
region of the previous anastomosis was not entered He, too, was immediately 
relieved of his pain and ii days later, reexamination, roentgenologically, 
showed marked decrease m the size of the ulcer At the present time, eight 
months later, he is enjoying perfect health 

The third patient was seen by Dr Arthur W Allen six and one-half 
months after a “gastrectomy” elsewhere He had very early recurrence 
of symptoms Three months before entrance he had two hemorrhages and, 
on admission, a jejunal ulcer was demonstrated roentgenographically At 
operation, a five-centimeter antral segment was found and removed There 
was prompt relief from symptoms Roentgenologic examination three weeks 
after operation showed decrease in the size of the ulcer He has remained 
well (one year). Brief mention of the details of the remaining six cases 
of antral removal will be found in Table XI 

Allen and Welch”^ also stress the importance of antral excision in showing 
that of nine patients surviving the Fmsterer procedure, with antrum left in, 
five developed jejunal ulcers, two being relieved by reoperation, only when 
the procedure included removal of antrum or antral mucosa Ogilvie® states 
that of 22 patients operated upon in such a fashion as to leave antral tissue 
m, nine developed symptoms of recurience and six required reoperation 
removing or destroying the antral mucous membrane 

Still another patient, encountered in the two-stage series, developed, just 
above the cardiac orifice, severe esophageal spasm with complete obstruction 
He was readmitted to the hospital two months after discharge following the 
first stage of his resection At discharge, roentgenologic examination showed 
a normal esophagus and postoperative stomach On readmission, he com- 
plained of pain and difficulty in swallowing These symptoms increased, 
the obstruction became complete, and a jej unostomy was performed All 
nourishment was given directly into the jejunum for two months, without 
improvement in symptoms, nor could any change be noted roentgeno- 
graphically Improvement did begin shortly following excision of the 
antrum, and he was discharged 27 days later, symptom-free, on a soft diet 
He has remained well (17 months) This case suggests that the antrum 
may play a role in upper gastro-intestinal function wffiich goes beyond the 
regulation of gastric secretion 

It should be pointed out that ten of our patients have gone ten weeks, or 
longer, between their two stages without getting into any trouble One 
patient, who was thought to have a carcinoma of the pylorus at his first 
operation, went five months betiseen stages without jejunal ulceration It is 
of interest that at his second stage, the duodenal mass, which had suggested 
carcinoma at the first operation, had subsided so completely as to render 
antral removal entirely uneventful 
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IMMEDIATE HESULTS FOLLOWING SUBTOTAL RESECTION OF THE STOMACH 

Massachusetts General Hospital 
1942-1943 


Between January i, 1942, and December 31, 1943, there were 145 subtotal 
lesections of the stomach performed for peptic ulcer at the Massachusetts 
General Hospital In this series, as in the 1936-1941 series, only elective 
primary operations are included Fifty-one (Table XII) of these operations 

Table XII 

PEPTIC ULCER 

14S PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 
MASSACHUSETTS GENERAL HOSPITAL — 1942 THROUGH 1943 


Location 

Operative Procedure 

Cases 

Deaths 

Mortality 
Per Cent 

Stomach 

Classical subtotal resection 

SI 

2 

3 9 

Duodenum 

Classical subtotal resection 

63 

0 

0 


Antrum left — mucosa removed 

8 

0 

0 


Subtotal resection in two stages 

23 

0 

0 

Totals 


145 

2 

1 4% 

Duodenal ulcer 


94 

0 

0 


were for ulcer of the stomach with two deaths or a mortality of 3 9 per cent 
Ninety-four of the operations were for duodenal ulcer and in this series of 
94 cases, there were no deaths Sixty-three of the latter"operations were 
classical subtotal resections in one stage In eight other cases, the antrum 
was left, but the mucosa removed, and in 23 patients during this period, the 
two-stage resection was earned out 

A study of the nonfatal complications was also made as in the preceding 
series (Table XIII) In this group of 94 cases there were 13 major nonfatal 

. j-i — . , 

Table XIII 


COMPLICATIONS FOLLOWING 94 SUBTOTAL RESECTION OF THE STOMACH 


MASSACHUSETTS GENERAL HOSPITAL — 1942 THROUGH 1943 

Fatal Nonfatal 

Pentonitis 

Cause undetermined 0 0 

Duodenal stump 0 1 

Pulmonary 0 4 

Malfunction of stoma 0 7 

Miscellaneous 0 1 


Total complications — Fatal and nonfatal 


0 


13 or 14% 


complications, or 14 per cent of the entire group This compares very 
favorably with the total of 37, or 30 per cent, m the earlier senes It is 
of interest that there was only one case of peritonitis in this entire group, this 
being the nonfatal case of leak from the duodenal stump, occurring in the 
second stage of a two-stage procedure 

Comment — ^We are unable to give to any one procedure the credit for 
the improvement which has taken place during these past two years Patients 
are better cared for A better understanding of the importance of plasma, 
whole blood, and the parenteral use of ammo-acids and vitamins has done 
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much to protect them before and after operation But of greater importance 
IS the almost complete elimination of those complications secondary to 
leakage or contamination from the duodenal stump It matters little whether 
this be accomplished by the delayed removal of the antral segment, as 
described above, or by excision of the mucous membrane from the antrum 
111 those cases where the local reaction forbids safe dissection of the ulcer- 
bearing area 

The two-stage method has been more freely practiced on the West Surgical 
Sennce, especially by the younger men, whereas, on the East Surgical Service, 
under Dr Arthur W Allen, equally satisfactory results have been attained in 
one stage by removing the antral mucosa in those cases where the local 
reaction was not so great as to make even this unsafe 

It IS of further interest that the management of these cases after operation 
vanes considerably on the two Services On the East Service, under Doctor 
Allen, 3 ej unostomy pla}S an important role in the postoperative regimen 
Allen and Donaldson^ now favor a double jejunostomy — one catheter passing 
upwards through the anastomosis into the stomach, for purposes of drainage, 
the other passing down the jejunum, for feeding 

In contrast to this, on the West Surgical Service, under the senior author, 
jejunostomy is undertaken only in patients with diabetes mellitus and in 
those patients whose nutritional states makes early jejunal feedings highly 
desirable 

STOEVIARY 

(1) From 1936 through 1943, 320 primary elective subtotal resections of 
the stomach have been performed for peptic ulcer at the Massachusetts General 
Hospital There were 12 deaths, a mortality of 3 7 per cent 

(2) From 1936 through 1941, there were 55 resections for gastric ulcer 
with no deaths, and 124 resections for duodenal ulcer, with a mortality of 
8 I per cent 

(3) A study of the records of these patients showed contamination from 
the duodenal stump to have been the major factor in the high mortality 

(4) In 1942 and 1943, 51 patients had subtotal resection for gastric 
ulcer, with a mortality of 3 9 per cent There were no deaths following 
94 resections for duodenal ulcer 

(5) A two-stage resection of the stomach for selected cases of duodenal 
ulcer IS discussed 

(6) The technic used in teaching subtotal resection of the stomach for 
duodenal ulcer to the Resident Staff on the West Surgical Senuce at the 
Massachusetts General Hospital is described 

(7) The importance of the antral mucosa in gastric physiolog)% as related 
to surgery for duodenal ulcer, is stressed 
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Discussion — Dr Fordycf B St John, New York When Doctor McKittrick asked 
me to open the discussion on this paper, I was delighted, as I think it brings up an im- 
portant point in gastric surgery 

To any surgeon who has spent considerable time in the region of the posterior wall 
of the first part of the duodenum and between it and the head of the pancreas in 
inflammatory lesions, this paper strikes a sympathetic note 

Too much has been written illustrating man’s ingenuity in anastomosing stomach and 
jejunum and too little by experienced observers on the problem of the duodenal stump, 
frequently the only really difficult part of a gastric resection 

For these reasons one welcomes this paper which directs attention and considera- 
tion to this important step in the procedure 

The authors first studied 179 primary resections in a five-year period Of these, 
55 were for gastric ulcer, 124 were for duodenal ulcer There were ten deaths, an 
operative mortality of 8 i per cent in the latter senes Peritonitis occurred in nine 
instances, in seven it was due to leakage from the duodenal stump Five of these cases 
died None died in the gastric ulcer series The comparison seemed significant 

Fully aware of the technical difficulties frequently associated with dissection and 
closure of the duodenal stump, and especially with compromised tissue, the authors have 
proposed, in difficult cases, the two-stage procedure designed to diminish the operative risk 
In support of this thesis, a report has been submitted summarizing the results of the 
past two years at the Massachusetts General Hospital One hundred and forty-five 
primary resections are included', 51 for gastric ulcer, with two deaths, and 94 consecu- 
tive resections for duodenal ulcer, without an operative death This latter series in a 
general hospital with a constantly changing resident staff and during the past two trying 
years represents, indeed, an achievement An operative mortality of approx’mately four 
per cent in the 51 cases of gastric ulcer is nearer the average experience of other clinics, 
especially where advanced lesions and those suspected of being cancer are attacked in all 
age-groups However, the fact that in the first 55 gastric ulcers reported there was no 
death and in the latter senes of 51 there was a mortality of four per cent shows the 
difficulty of drawing conclusions from statistics alone 

Furthermore, it is to be noted that 63 classical one-stage subtotal gastrectomies were 
carried out for duodenal ulcer, with no death during the past two years, whereas, there 
has been an opportunity for only 23 t.vo-stage procedures during the same period, also 
with no deaths Therefore, from the record alone one is not justified in drawing con- 
clusions as to the actual -value of the method proposed 

The results on both Dr Arthur Allen’s and Doctor McKittrick’s services have been 
highlj satisfactorj’- whether the classical one-stage operation, the one-stage, with the 
removal of antral mucosa, or the suggested two-stage procedure has been carried out 
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In order to broaden the basis of comparison and add to the material for discussion, 
I shall present a summary of the results m a general hospital over almost the same 
period of time Time, since receiving Doctor McKittiick’s paper, did not permit sub- 
divisions into gastric and duodenal groups (Tables I, II and III) 


Table I 

PEPTIC ULCER 

200 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC OT-CER 1939-1943 (INCLUSIVE) 

The Preshylertan Hospital 
New York Ctly 


Operation 
Subtotal gastrectomy 


Cases Deaths Mortality 

200 8 4% 


Table II 

PEPTIC ULCER 

FATAL COMPLICATIONS FOLLOWING 200 SUBTOTAL RESECTIONS OF THE STOMACH 

1939-1943 (inclusive) 

The Presbylertan Hospital 
New York City 

Peritonitis (due to leakage of duodenal stump) 

Pulmonary 

Hemorrhage ® 

Malfunction of stoma 

Miscellaneous ’ 

1 Thrombosis of celiac axis and superior mesenteric artery 
1 Gangrene of transverse colon (compromised blood supply) 

1 Cerebral accident 

Total 8 


Table III 

PEPTIC ULCER 

99 PRIMARY RESECTIONS OF THE STOMACH FOR PEPTIC ULCER 
1942-1943 (inclusute) 

The Presbyterian Hospital 
New York City 

Operation Cases Deaths Mortality 

Subtotal gastrectomy 99 3 3% 


CAUSE OF DEATH 

Pentomtis (due to leakage of duodenal stump) . 

Cerebral accident 


2 

1 


CONCLUSIONS 

A critical review of the paper under discussion as well as of our own experience, 
would lead one to make the following observations 

1 Peritonitis as a cause of death following subtotal gastrectomy is more frequent 
than IS generally appreciated 

2 Leakage from the duodenal stump is by far the most common cause of peritonitis 
The practice of using a soft rubber tissue dram down to the region of, but not m contact 
with, the closure has saved lives in oui clinic by establishing in the event of leakage, a 
temporary duodenal fistula, and, thus, preventing spreading peritonitis It must be 
noted, however, that this factor has failed in the fatal instances reported We are 
opposed to the use of a stiff rubber tube 

3 Leakage may be due to two mam factors 

a Local conditions actually at the site, such as acute inflammalor} reaction, com- 
promised wall of duodenum and actual perforation causing technical difficulties, and 
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b Leakage may be due also to any factor which causes back pressure in the afferent 
loop from the duodenal stump to the gastrojejunal anastomosis 

4 It has been our custom, also, m a few selected cases, especially in the most acute 
phase, to avoid dissection of the ulcer-bearing area In these instances, the antral mucosa 
IS always removed before the antral stump is inverted 

5 A two-stage procedure is suggested to add to the safety factor in gastric resection 
in difficult cases of duodenal ulcer Its advantages are obvious and have been presented 
clearly 

Its disadvantages, aside from the economic and psychologic, are doubling the number 
of anesthetics and abdominal operations for a given lesion which, of necessity, must 
be performed in all age-groups 

6 Finally, I should feel that Doctor McKittnck, and his associates, have made an 
interesting suggestion That it will add a safety factor seems evident but whether it 
will prove to be a wiser course to follow than those now in use must depend on further 
factual evidence 

Dr Henry F Graham, Brooklyn Doctor St John briefly mentioned, in passing, 
the one most important factor in this whole discussion, when he said that in difficult 
cases they have not tried to remove the ulcer 

That IS where all the trouble occurs At the Methodist Hospital we have recently 
had an analysis made of our work in gastric resection for peptic ulcer from 1936 to 
date We have not divided it into duodenal and gastric In the first four years of this 
period the mortality wa,s so high that I hate to mention it I myself lost a couple of 
cases in an attempt to remove the duodenal ulcer, but during the past four years, com- 
mencing January i, 1940, up to date, we have had 77 such operations, with one death 
That one fatality, if we compare it with Doctor McKittnclds statistics, should have 
been eliminated because it was due to a massive hemorrhage operated upon within 
48 hours of the onset of bleedmg I think he said he excluded these in his series 

We attribute the improved mortality to a number of different factors — better 
anesthesia, better preparation, etc , but the chief improvement in mortality is due to the 
fact that we have ceased trying to remove the duodenum in cases where it is difficult 

To date we have a pretty complete follow-up This follow-up is as complete as it 
was possible for us to make it up to December, 1943, and we have no evidence to 
prove to us at all that leaving the duodenal ulcer behind is a source of future trouble 
to the patient where a subtotal resection has been done 

If we find it difficult to remove the duodenum, we do not hesitate to leave several 
inches at the pylorus of the stomach, remove the mucosa, pass a finger down through 
to gently dilate the pylorus and then invert this portion of the pylorus which has been 
left, with a couple of nonabsorbable sutures, into the duodenum 

I suppose it IS really unnecessary for me to mention it, but at one hospital, with 
which I was formerly connected, I saw two autopsies where death was due to blowing 
out of the duodenal stump because they had used catgut to sew the duodenal end up 
I do not think anybody uses that now 

There is only one other type of case we have to consider, then , those with massive 
hemorrhage and repeated hemorrhage from a duodenal ulcer It is not safe to leave the 
untreated ulcer behind because of the hemorrhage 

Doctor Pfeiffer mentioned one way of handling that situation In one such case 
that I have had, it was handled in a little different way, quite successfully, and without 
further trouble (Demonstration on blackboard) This is the duodenal stump The ulcer 
lb here on the back wall of the duodenum with the vessel in the center of the ulcer A 
nonabsorbable suture was passed deep through the base of the ulcer with a cutting needle 
Then this tongue-shaped flap from the anterior wall was turned over so the peritoneal 
suHace was brought against the base of the ulcer, and the suture was tied down to 
hold the flap against the base of the ulcer A reconstruction was done at the end of the 
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duodenum with the usual nonabsorbable sutures, and it was completely closed without 
any excessive difficulty 

It seems to me that a little ingenuity in the care of the duodenum, and less attempt 
to take It out, will pay big dividends m these cases I may say that these operations 
we had were performed by twelve different operators, so it is not a question of any 
one individual’s dexterity 

In commenting on Doctor McKittrick’s paper, it would seem to me that even if he 
were going to leave the pylorus behind for a second operation, it would not be neces- 
sary to transect the stomach twice, as he showed in one of his diagrams, first near the 
pylorus and up again higher, where the section was done for anastomosis His original 
section could have been done up near the anastomosis, and the pyloric end could have been 
turned down, and then, if he decided to leave the pylorus later, the second section could 
have been made 

There will be many cases where you will decide to take the ulcer out, or will go down 
to the duodenum, so two sections above will be unnecessary 

Dr Ralph Colp, New York Subtotal gastrectomy has been the operation of choice 
in our clmic smce 1923 Six years ago a new group of surgeons was assigned to take 
care of ward patients admitted to the Gastric Service in the hospital I would like to 
show three slides which emphasize quite clearly, I think, that the crux of the operation 
of subtotal gastrectomy really centers about tlie closure of the duodenum 

In this particular series, which is divided mto two three-year periods, certain changes 
were gradually made in technic in an effort to lower the morbidity and the mortality 
There were only three cases m which a prepyloric "auschaltung,” as recommended by 
Fmsterer, was done Inasmuch as the follow-up in these cases was not good, we decided 
to elunmate, if possible, this particular procedure 

Table I 

ANALYSIS OF DEATHS IN SUBGROUPS 
Senes A 



No of No of 


Mortality 


Cases Deaths 

Cause of Death 

Rate 

Group A 

Duodenal ulcer 

48 3 

(1) Cerebral thrombosis 

(2) Generalized peritonitis 

(3) Alkalosis 

6 25% 

Group B 

BleediuE duodenal ulcer 

16 3 

(1) Duodenal dehiscence , 

Generalized peritonitis 

(2) Hemorrhagic broncho-pneumonia 


Group C 


(3) Subphrenicand subhepaticabscesses 

18 75% 

Previously perforated duodenal ulcer 

IS 2 

(1) Massive at electasis 

(2) Pneumonia after drainage of 

subphrenic abscess 

13 33% 

Total 

79 8 


10 13% 


In Series A (Table I), during the first three years, there were 79 cases of duodenal 
ulcer, which included (A) the duodenal ulcers with intractable pain and some with 
pyloric stenosis, (B) those which had bled, and (C) those m which a perforation had 
previously occurred 

There were 48 cases in Group A with three deaths One was caused by a cerebral 
thrombosis One was due to a generalized peritonitis from a duolenal leak, and the 
third was caused by an alkalosis due to atomy of the stomach from which the patient 
\omited persistently At the end of about two wrecks, an entero-anastomosis was done 
without any relief Then jej unostomy was finally instituted wffien it w'as too late This 
case, and others m which we experienced trouble with gastric emptying, due not only 
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to an atomy of the stomach but possibly to an obstruction at the stoma, caused us sub- 
sequently to frequently institute jejunal alimentation at the time of the primary operation 
(See Table III ) 

In the second group (B) consisting of i6 cases of bleeding duodenal ulcer, there 
were three deaths One was due to duodenal dehiscence, with generalized peritonitis, 
another was caused by a hemorrhagic bronchopneumonia, and a third was traced to a 
subphrenic and subhepatic abscess which came from a duodenal leak 

There were IS cases which had previously perforated (Group C) There were two 
deaths, one from a massive pulmonary atelectasis, and the second from a pneumonia, after 
the drainage of a subphrenic abscess 

Most of these cases had postmortem examinations, which account for the causes of 
death which are herewith given So, in the total of 79 cases in Series A, there were 
eight deaths, or 10 13 per cent, in which four could be attributed to a dehiscence of 
the duodenal stump 

Table II 

ANALYSIS OF DEATHS IN SUBGROUPS 
Senes B 



No of 

No of 


Mortality 


Cases ] 

Deaths 

Cause of Death 

Rate 

Group A 

Duodenal ulcer 

67 

3 

(1) Hepatitis and pneumonia 

(2) Pulmonary embolism 

(3) Diffuse bronchopneumonia 

4 48% 

Group B 

Bleeding duodenal ulcer 

16 

1 

(1) Duodenal dehiscence 
Subhepatic abscess 

6 2S% 

Group C 

Previously perforated duodenal ulcer 1 1 

0 


0 

Total 

94 

4 


4 26% 

In the second series. 

B, consisting 

of 94 

cases, there were 67 cases 

(Group A) of 


duodenal ulcer with three deaths Autopsy disclosed that one patient succumbed from 
a hepatitis, evidently due to sulfanilamide, which had been given for a pneumonia, one 
from pulmonary embolism, and a third from a diffuse bronchopneumonia 

In the bleeding ulcer cases (Group B) there were 16 cases with one death, due to 
a duodenal dehiscence, resulting in a subhepatic abscess I think the reason for the 
diminution m the mortality of the second group of the bleeding duodenal ulcers might 
be attributed to the fact that we no longer operate upon these duodenal ulcers immediately 
Whenever possible, we wait three weeks after the hemorrhage has ceased, during which 
time these patients have adequately regained their strength, and their blood proteins and 
hemoglobin have approached more normal limits 

Table III 


Number of cases 
Mortality 

Mortality percentage 

Drainage of duodenal stump 

Antecolic type of gastroiejunostomy 

Retrocolic type of gastrojejunostomy 

Jejunostomy 

Spinal anesthesia 

General anesthesia 


Senes A 

Series B 

July 1 

1937 

July 1, 1940 

to 


to 

June 30 

1940 

June 30 1943 

79 


94 

8 


4 

10 

13% 

4 26% 

29 


72 

35 


91 

44 


3 

4 


32 

16 


84 

63 


10 
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In Group C, ii cases in which perforation had previously occurred, there was 
no mortality 

Therefore, in Series B, the gross mortality was 4 26 per cent 

Aside from the increased skill of the operators in causing a diminution in the 
mortality between Series A and Series B, we feel that other factors may have entered 

into this reduction of the mortality (Table III) 

First of all we are instituting drainage of the duodenal stump with increased fre 
quency We use a rubber dam dram which is placed down into the vicinity of the sutured 
duodenum and brought out through a right subcostal stab 

In these cases which were drained, there were 13 that had bile-stained dressings, 
but m this group there were only two cases which developed a generalized peritonitis 
In those cases in which the duodenal drainage was profuse, the aspirated contents were 
introduced through the jej unostomy, maintaining the chemical balance We believe with 
Doctor St John that drainage does no harm 

As far as the types of anastomosis are concerned, you can see we are doing more 
and more of the antecolic type of anastomosis We found no immediate or late indifferences 
between the antecolic and the retrocolic type We found that the antecolic is a simpler 
technical procedure, and in the event a patient subsequently develops a gastrojejunal ulcer, 
a secondary gastric resection is not as difficult as if a retrocolic anastomosis had been 
made 

We have used more spinal anesthesia during the past three years, but, unfortunately, 
we have noticed no diminution in the incidence of pneumonia, which, in Series B, was 
responsible for three of the four mortalities 

Dr. Donald C Balfour, Rochester, Minn Doctor McKittrick’s presentation illus- 
trates the fact that surgery of the stomach has reached a level of which the surgeons of 
tins country can be proud In the surgical treatment of ulcer of the duodenum, Doctor 
l^IcKittrick has given emphasis to the problems involved in the direct attack on the 
ulcer Since it is not always advisable to remove a lesion situated on the posterior wall, 
if the removal of such a lesion introduces considerable risk to the operation, one should 
keep in mind that an indirect procedure will bring about healing of the ulcer As a matter 
ot fact. It IS a principle m gastric surgery that any operation which has ever been designed 
for treatment of peptic ulcer — where it is partial gastrectomy or gastro-enterostomy — 
is based on physiologic principles 

One suggestion which has interested me was that of the reintroduction of the pnn- 
C'ple of partial gastric exclusion You are all familiar with the history of that procedure 
I had the pleasure of seeing Sir Hugh Devine perform a number of such operations in 
I935> and they accomplished one principle very definitely, namely, that any procedure 
which circumvents the duodenum will bring complete healing of any lesion which may 
be present there It would seem reasonable that every advantage should be taken of 
the fact that exclusion of the gastric contents from the duodenum will solve the problem 
of curing the duodenal ulcer, and that unnecessary risk in removing inflammatory processes 
in the duodenum should be avoided 

All in all, I believe that this whole question of peptic ulcer should be introduced into 
the program each year, for it is a changing scene and we know little about the effect 
ot these physiologic operations 

I should like to ask Doctor McKittnck one question in view of the higher incidence 
of recurrent ulcer when the pyloric stump is not removed What does he consider the 
desirable interval of time between the first and second stages of this operation? We 
have all known cases in which recurrent ulcers have apparently developed very soon 
after either gastro-enterostomy or partial gastrectomy 

n ^ Rienhoff, Jr, Baltimore, Md I was very much interested in 

IJoctor McKittrick’s excellent paper, which he presented so well, and in the various dis- 
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cussions that have preceded this one It is unfortunately true in all branches of surgery 
tliat in the course of training of a Junior Staff in all clinics there will occur technical 
errors that can only be avoided by repetitious and continuous operative experience This 
IS the price that must be paid for the training of a surgeon and it is, of course, most 
desirable to keep tlie price as low as possible However, I believe that it is not quite 
fair to judge an operative procedure by the inclusion of the Junior Staff results with 
those of the Senior Staff, for m so doing there will be included operative deaths, or at 
least operative complications, which should not necessarily be attributed to the operative 
procedure, but, as I stated, to the inexperience of the younger surgeon 

Since 1939, when I presented before this society a senes of cases which had been 
operated upon for peptic ulcer of the pylorus and duodenum, a one-stage resection 
of the stomach has been employed A conservative resection of the stomach has been 
performed in a series of 189 consecutive cases and in only seven, or approximately 
four per cent, has it been necessary to reoperate upon the patient for the development 
of a jejunal ulcer at or near the site of anastomosis After conservative resection 
the continuity of the gastro-mtestinal tract has been reestablished by a short-loop ante- 
coUc gastrojejunostomy 

It IS difficult m different individuals to be sure of the amount of stomach which has 
been resected, but as near as one can estimate I would say that what has been considered 
a conservative resection would be about one-third to one-half of the stomach, including 
some of the fundus, the pyloric antrum, pylorus and first part of the duodenum It is 
believed preferable to perform this operation m one stage, and that it is unnecessary 
in the great majority of patients to resect moie than this amount of the stomach 

This series of cases has been studied from both the standpoint of immediate and 
remote postoperative course In this series there have been no deaths from operation 
and no postoperative complications that could in any way be attributed to leakage of the 
duodenal stump There have been no cases of duodenal fistula This study has brought 
out certain interesting points that have impressed me In the first place, in practically 
all of the cases there has been evidence of multiple ulcerations of the duodenum On the 
anterior, superior and posteromedial surfaces there have been either visible scars 
or palpable ulcerations In some instances the duodenum has been actually ligneous 
from multiple ulcerations making it sometimes technically quite difficult to close the 
duodenal stump Another interesting feature is that the great majority of these 
patients have had bleeding of greater or less seventy and m all these there has been 
a perforating ulcer into the head of the pancreas The majority of these have been 
on the posteromedial surface of the duodenum at about the junction of the first and 
second portion In some the perforation has been lower down in the second or descending 
portion Closure has been satisfactory m every one of the cases, but more difficult 
m some than m others It is our impression that it makes very little difference whether 
or not the ulcer is resected, that if the duodenum is turned m and the gastric contents 
shunted away from the ulcer bearing portion of the duodenum, that is that portion 
above the ampulla of Vater, that the ulcers will heal In only three cases has there 
been bleeding after resection, and in these complete recovery occurred without further 
surgical intervention 

The type of closure of the duodenum has been simple suture of the amputated 
stump with interrupted silk or cotton sutures 

In the more recent cases the duodenum has not been clamped across with a Payr 
crushing clamp, but merely amputated, bleeding points clamped and interrupted sutures 
used throughout to turn m the cut edge This avoids, of course, the use of a continuous 
catgut suture and the turning m of devitalized tissue The duodenum has been turned 
m so that all that portion tliat has been mobilized and freed from the head of the 
pancreas is intussuscepted, so to speak, into the lumen of the intestine The reason 
for this is that sometimes the circulation of the stump may be slightly jeopardized due 
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to separation of the intestine from the head of the pancreas and to avoid any possibility 
of interference with healing this portion should not be allowed to remain free in the 
peritoneal cavity If, after turned in, some of it should become necrotic it will dram 
into the intestinal tract 

I would like to show two slides which demonstrate the method of closure employed 
Closure of the duodenum that is the site of peptic ulcer is of course more difficult 
than closure of the duodenum which is umnvolved as m peptic ulcer or malignant ulcer 
of the stomach It is well, as I stated above, not to use a crushing clamp, because often 
times this uses up quite a bit of the available duodenum for turning m As shown by 
the slides, the vertical closure of tlie duodenum is most satisfactory, providing there 
IS enough of tlie first or beginning of the second portion above the ulcerated area to 
give a satisfactory amount to turn in, but if the duodenum is very heavily scarred, due 
to a perforating ulcer into the pancreas, less of the medial wall of the bowel will have 
to be mobilized if the closure is begun medially and proceeds laterally rather than 
the vertical closure, te, closing from the midline out This has proved to be a most 
gratifying procedure, lessening the necessity of mobilizing so much of the scarred 
portion of the duodenum normally adjacent to the head of the pancreas Mobilization 
of the duodenum too far down the second portion is thought to be inadvisable, because 
of possible injury to the common duct or interference with the circulation of the 
duodenal stump 

Drainage of the duodenal stump is strictly avoided If the duodenum is turned 
in correctly, the circulation has not been jeopardized, draining is unnecessary, and 
It only invites infection and the possibility of the formation of a fistula Drainage of 
the peritoneal cavity following resection of the stomach is studiously avoided. 

One difficulty that has been mentioned m previous papers, namely, increased pressure 
in the afferent loop, is felt to be due either to improper suture of the afferent loop to 
the lesser curvature where constriction of the lumen may be produced, or in those cases 
of retrocolic gastrojejunostomy in which the transverse mesocolon has caused a con- 
striction of the afferent loop The antecolic jejunostomy is preferred, first, because 
the danger of constriction of the transverse mesocolon is avoided, second, the afferent 
loop of jejunum is just as short if the colon and omentum is displaced to the left, 
and, third, because in that small percentage of cases m which jejunal ulcers occur 
reresection is far less difficult to perform following antecolic rather than a retrocolic 
gas troj ej unostomy 

Dr. L S McKittrick (dosing) I am deeply grateful to the discussers for their 
contributions to this problem I just want to make clear that in this condensed presen- 
tation we probably may have given the wrong impression in overemphasizing the two- 
stage procedure 

Our primary interest is the elimination of those complications arising from the 
duodenal stump following subtotal resection for duodenal ulcer 

In answer to Doctor Balfoui’s question, of course, we are fully aware, and fearful, 
of the development of a marginal ulcer We like to undertake the second stage at as 
early a time as w^e can The longer the patient waits the easier it is, so we have 
performed these operations m periods varying from three to six or eight weeks depending 
upon the seienty of the inflammatory reaction m relation to the ulcer at the time of 
the primary operation 
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The results or closure of colonic stomas always have been unsatisfac- 
tory in a rather high percentage of cases This procedure necessarily has to be 
carried out in a field that is contaminated with many bacteria In the past, 
wound infection frequently has followed closure of a colonic stoma In many 
cases, extensive abscesses have formed in the subcutaneous tissues , the edges 
of the skin have become undermined, and multiple draining sinuses have made 
the patient a semi-invalid tor weeks or months Even more distressing than 
these complications, in some cases, has been the resumption of fecal drainage 
from the wound Since we have been using a combination of succmylsulfath- 
lazole and sulfathiazole in the treatment of persons subjected to surgical clo- 
sure of colonic stomas, the incidence of these complications has been lowered 
remarkably 

MATERIAL 

This paper is based primarily on 102 consecutive cases (Group i) in which 
succmylsulfathiazole and sulfathiazole were employed w hile the patients were 
hospitalized for closure of colonic stomas In order to obtain an unbiased 
evaluation of the results of this treatment, three other groups of cases have 
been considered In each of these three groups of cases the patients were hos- 
pitalized for closure of colonic stomas and, with the exception of the adminis- 
tration of the sulfonamides, the treatment was the same as that employed 111 
Group I Group 2 includes 102 consecutive cases in which no sulfonamide drug 
was used Group 3 includes 40 cases m which only sulfanilamide was employed 
Group 4 embraces 30 cases in which only sulfathiazole was administered 

TREATMENT EMPLOYED IN CASES OF GROUP I 

After the spur of the colonic stoma had been eradicated by application of 
clamps, and sufficient time had elapsed to allow all edema and induration at 
the site of the stoma and m the surrounding tissues to subside, the stoma was 
considered ready for closure 

Pi eoperaiive Tieatment — The patients routinely were hospitalized for 
three full days (72 hours) before the stoma was closed As soon as they had 
been admitted to the hospital a nonresidue, high carbohydrate diet was pre- 
scribed and the oral administration of succmylsulfathiazole was started We 
have standardized the dose of this drug even though there is good evidence 
that the effect of the drug vanes considerably among different patients In tlie 
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case of an adult, 4 Gm of the drug was administered as soon as the patient had 
been admitted to the hospital This dose was repeated eveiy four hours until 
SIX doses (24 Gm ) had been given Thereafter, a dose of 2 Gm was adminis- 
tered ever)^ four hours (12 Gm in 24 hours) , the last dose was given approxi- 
mately SIX hours before the operation was performed 

The proximal and distal loops of colon were irrigated daily with warm tap 
water for three days before the operation The iingating was done through 
the colonic stoma and through the rectum The final irrigation was done 24 
hours before the operation was performed During the 24 hours before the 



Fic I Qosure of colonic stoma a Incision in skin encircling' the stoma b The fascial, 
macular pentoneal la> ers have been incised and the proximal and distal limbs of colon are 
moDjiized Xne preAaousl> encircled la>er of skin and subcutaneous tissue is being excised from the 
wau 01 tne bowel The edges of the colonic stoma are freshened by excising a narrow margin of it 

operation, two drachms (8 cc ) of camphorated tincture of opium were admin- 
istered every four hours, and any fluid that had been 1 etained in the pi oximal 
or distal segments of the colon was removed by aspirating through the colonic 
stoma and through the rectum with a large bulb syringe The last dose of 
camphorated tincture of opium was administered approximately eight hours 
before the operation The last aspiration also was performed about the 
same time 

Stngical Tieatment — ^An incision was made on each side of the stoma 
passing through the scar produced by the previous operation These incisions 
were joined so as to encircle the stoma Then the colon was freed from the 
anterior abdominal wall at the site of the stoma (Fig i) The deep fascia w'as 
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next cleansed of fat and scar tissue sufficiently to form a definite layer which 
subsequently could be approximated to restore the strength of the abdominal 
wall This fascia then was incised In all cases the peritoneum was then 
opened and the two limbs of colon mobilized sufficiently to allow accurate 
approximation (Fig i) Immediately adjacent to the peritoneum, one fre- 
quently encounters a thin layer of adhesions which have “walled-ofif” the site 
of the stoma from the mam peritoneal cavity When these adhesions were 



Fig 2 — The stoma has been closed transversely to the long axis of the bowel The 
completed anastomosis is dropped back inside the peritoneal cavity and s Gm. of 
sulfathiazole inserted 

encountered, they were not disturbed unnecessarily The previously encircled 
cuff of skin and subcutaneous tissue then was excised from about the stoma 
The edges of the stoma were freshened by excising a narrow margin and the 
colonic opening was closed transveisely to the long axis of the bowel with two 
layers of running chromic catgut sutures Additional interrupted catgut sutures 
were inserted in some cases In a few cases, the mesial edges of the intestine 
had not united to form the usual colonic spur, consequently, the spur could 
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not be crushed preoperatively and it was necessary to separate the proximal 
and distal loops of the colon and perform a complete end-to-end anastomosis 
The anastomosis being completed, the colon was dropped back into its normal 
position within the peritoneal cavity (Fig 2) 



Fic 3 — a The peritoneal, muscular and fascial layers are closed with 
^ Tunning suture b A Penrose dram and a few grains of sulfatliiazole are 
placca m the subcutaneous lajer The skin is closed 

Sulfatliiazole powder was dusted intraperitoneally around the site of clo- 
sure Five grains were so administered routinely, but m occasional instances m 
which the subpentoneal space about the site of closure was small, lesser 
amounts, that is as little as 2 5 Gm , were used 

The peritoneal, muscular and fascial layers, vhich had previously been 
dissected free, were then closed tightly with surgical gut sutures (Fig 3). 
Fifteen to 30 grains (i to 2 Gm ) of sulfathiazole nere dusted into the super- 
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ficial fatty layer In most cases a small Penrose drain was inserted subcuta- 
neously The skin was closed snugly with a running suture of plain catgut If 
the subcutaneous fatty layer was thick, a few retention sutures of braided silk 
were inserted to obliterate any potential dead space 

Postoperative Treatment — Sulfonamide therapy was not employed post- 
operatively Only small amounts of water, that is 15 to 30 cc every four hours, 
were administered orally until flatus was passed freely from the rectum In 
the average case, this was on the second or third day after operation The diet 
then was inci eased gradually until the fifth or sixth day after operation, when 
a full diet was permitted A large lubricated rubber tube was inserted into the 
lectum periodically in order to prevent pressure by retention of gas or feces 
The operative wound received no special care except the routine application 
of dressings The Penrose dram was removed on the fourth or fifth day after 
the operation 

TREATMENT EMPLOYED IN CASES OF GROUPS 2, 3 AND 4 

In these groups there was no preoperative use of sulfonamides In Group 2 
(102 cases), as has been said, sulfonamides were not used at all In Group 3 
(40 cases) sulfanilamide, and m Group 4 (30 cases) sulfathiazole was dusted 
about the site of closuie at operation In other respects, including the preop- 
erative treatment, the suigical technic and the postoperative regimen, treat- 
ment in these groups was the same as in Group i 

Usually the quantity of sulfanilamide or of sulfathiazole applied locally, 
respectively, in Groups 3 and 4, was 5 Gm In an occasional case, however, 
in which the subperitoneal space about the anastomosis was small, a lesser 
amount, as little as 2 5 Gm of the powder under consideration, was employed 

RESULTS 

In the cases m Group i, namely, the 102 cases in which a combination of 
succmylsulfathiazole and sulfathiazole was employed, the incidence of wound 
infection and of recurrence of fecal drainage was remarkably low In the ma- 
jority of cases the wounds healed by primary intention An extensive subcu- 
taneous abscess did not occui in any case, and a resumption of fecal drainage 
from the wound occurred in only two cases (Table I) The postoperative 
febrile reaction was slight or minimal and in most of the cases the average time 
that was required for the intestine to resume its normal function was shorter 
than it was m the cases m Group 2, that is, m the 102 cases in which no sul- 
fonamide drug was employed In the usual case, as has been said, the patient 
\\ as able to expel flatus freely from the rectum on the second or third day after 
the operation and normal bowel moA'ements were resumed on the third or 
fourth day In general, convalescence was remarkably easy and free of com- 
plications 

In marked contrast u ith the good results obtained in Group i are the dis- 
tressing sequelae that frequently occurred in Group 2 (Table I) Spontaneous 
fecal drainage from the uound foIloAving surgical closure occurred m 31 cases, 
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or 30 per cent of the cases in this gioup It occurred m only two of the 102 
cases m Group i In some cases these postoperative fecal fistulae closed spon- 
taneously, but in others they had to be closed by a secondary operation In 
all cases in which a fecal fistula occurred it was a distressing complication 
which delayed complete recovery for weeks or months Extensive wound infec- 
tions were common before the advent of the sulfonamides Moderate or severe 
infection of the wound occurred in 86 (84 per cent) of the cases in Group 2 in 
which no sulfonamides were used In the cases of Group i, however, wound 
infection developed in only 13, or 13 per cent of cases, and in only one case did 
extensive subcutaneous abscesses and undermining of the skin occur In 82, or 
80 per cent of the cases in Group i, the wound had healed firmly by the four- 
teenth postoperative day, healing in a similar peiiod was observed in only 
eight (8 per cent) of the cases m Group 2 The better results obtained in the 
cases in Group i must be attributed to the use of succinylsulfathiazole and 
sulfathiazole, as the treatment in the two groups of cases was the same in all 
other respects 

Sulfanilamide, as has been explained, was applied locally m the 40 cases in 
Group 3 Although the results were slightly better than those obtained m 
Group 2, namely, the 102 cases m which no sulfonamide diug was employed, 
they still were poor (Table I) Spontaneous fecal diamage from the wound 

Table I 

CLOSURE OF COLONIC STOMAS 

COMPARISON OF RESULTS WITH VARIOUS FORMS OF TREATMENT 


Group Treatment 

Total 

Cases 

Infected 

W"ounds 

Per Cent 

Resumption of 
Fecal Drainage, 
Per Cent 

W"ound Healed by 14 th 
Postoperative Day, 
Per Cent 

1 

Succinylsulfathiazole and 
sulfathiazole 

102 

13 

2 

80 

2 

No sulfonamides 

102 

84 

30 

8 

3 

Sulfanilamide locally 

40 

77 

2 S 

10 

4 

Sulfathiazole locally 

30 

63 

17 

20 


occurred in ten (25 per cent) of the 40 cases Healing of the vound by the 
fourteenth day was obsen^ed in onl)’’ four, or 10 per cent, of the cases Wound 
infection occurred in 31 (77 per cent) of the cases 

Again, as has been related, sulfathiazole was applied locally in the 30 cases 
in Group 4 The results obtained in this group were somewhat better than 
those secured 111 Group 3, but they did not approach those that ensued in Group 
I, that is, in the 102 cases 111 which a combination of succinylsulfathiazole and 
sulfathiazole was used Spontaneous fecal drainage from the ivound occurred 
m five, or 17 per cent, of the 30 cases In six, or 20 per cent, of the cases the 
wounds had healed by the fourteenth postoperative da}" Wound infection 
remained common and occurred in 19, or 63 per cent, of the cases 

In the 102 cases in Group i no deaths occuned in the hospital In the 102 
cases in Group 2, there were three postoperatne deaths Two were attributed 
to pulmonary embolism, the third resulted from peritonitis and pulmonat}" 
embolism In the 40 cases of Group 3 there was one death in the hospital and 
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that was due to gangrenous cholecystitis In the 30 cases of Group 4, one 
patient died from postoperative intestinal obstruction and peritonitis 

It IS, thus, apparent that the results in the cases (Group i) in which a 
combination of succinylsulfathiazole and sulfathiazole was used not only were 
better than those obtained m the cases (Group 2) in which no sulfonamide 
drug was employed but also were better than the results obtained in the cases 
(Groups 3 and 4) in which sulfanilamide or sulfathiazole was applied locally 

Comment — Succinylsulfathiazole is the succinyl salt of sulfathiazole 
Chemically, it is 2-(N4-succinyl-sulfanilamido)-thiazole It contains, in addi- 
tion to the succinyl radical, a free carboxyl group^- 2- s, 4 When it is adminis- 
tered orally it is absorbed from the bowel m only very small amounts Poth 
and Knotts^’ ® found that, on an average, only five per cent of the ingested drug 
was excreted by the kidneys The majority is retained in the lumen of the 
intestine where it markedly reduces the number of coliform bacteria in the 
intestinal content Sulfathiazole, on the other hand, is absorbed rapidly from 
the gastro-intestinal tract and while it has some effect on the intestinal bacterial 
flora this action is not pronounced ® When placed locally in wounds, it exerts 
a powerful bacteriostatic effect without apparent injury to the surrounding 
tissues The favorable results obtained with these two drugs in the cases in 
Group I apparently has been due to their ability to inhibit the growth of the 
many infectious organisms found in the large intestine 

In vitro, succinylsulfathiazole has little or no activity against strains of 
Escherichia coli When the drug enters the intestinal tract and comes in contact 
with the intestinal mucosa, however, it evidently becomes a highly effective 
bacteriostatic agent It has been shown that succinylsulfathiazole when admin- 
istered orally may cause the number of coliform bacteria to become negligible 
Thus it has been shown® that specimens of stools obtained from various human 
beings, and which contained 10® to 10^® organisms per gram of wet stool before 
the administration of succinylsulfathiazole was started, contained o to 500 or 
700 organisms per gram of wet stool after therapy with this drug How this 
drug, which is ineffective in the test tube, exerts such a profound influence 
in VIVO has not been w^ell established Poth and Knotts® have speculated that 
“succinylsulfathiazole must * * ^ be converted into a more active compound, 
probably sulfathiazole The addition of the succinyl radical to sulfathiazole 
renders it poorly absorbable from the bowel The free carboxyl group gives 
succinylsulfathiazole relatively strong acid properties and by salt formation 
maintains a high ionic concentration of the drug admixed with the intestinal 
contents Succinylsulfathiazole, therefore, may be strongly absorbed or ad- 
sorbed by bacterial cells and may be hydrolyzed to give a high local concentra- 
tion of a reactive, excited form of nascent sulfathiazole in intimate contact with 
the organism ” 

Concomitant with the reduction m the bacterial content of the stools there 
is- a change in their physical characteristics The stools become lighter m color, 
practically odorless, reduced m quantity and of a semiliquid consistency Such 
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changes have been noted m some cases m which we had an opportunity to 
examine the intestinal contents shortly “before, or in the course of, closure of a 
colonic stoma, when the drug had had time to exert its maximal effect 

If the oral administration of succmylsulfathiazole sterilized the stools com- 
pletely, one would expect to obtain favorable results without the local applica- 
tion of sulfathiazole in cases in which operation is performed to close a colonic 
stoma Such is not the case, however The oral administration of large doses 
of succmylsulfathiazole for five to seven days occasionally will reduce the num- 
ber of cohform bacteria in the stools to such an extent that they cannot be found 
by bacteriologic examination In the majority of cases, however, some organ- 
isms remain in the stools even after prolonged therapy with this drug In many 
cases in which the drug is adminlsteied for a relatively short time, as it was m 
the cases in Group i, an appreciable number of cohform bacteiia must remain 
in the intestinal contents The colon contains other bacteria, that is Sh eptococ- 
ctis faecalis, typhoid and paratyphoid organisms and P? oteiis viilgm is, which 
apparently are not affected by succinj^lsulfathiazole We, therefore, consider it 
advisable to apply sulfathiazole to the operative wound to control any infectious 
organisms which are not affected by succmylsulfathiazole and which inadver- 
tently may be carried into the wound 

Recurrence of fecal drainage from the wound after closure of a colonic 
stoma may be due to various causes If the colostomy spur has not been crushed 
adequately, the intestinal lumen may be enci oached on and recurrence of fecal 
drainage may result If one attempts to close the stoma too soon after it has 
been established, that is when the edges of the intestinal wall and the tissues 
about the stoma are edematous and indurated, the suture line may separate 
and fecal drainage recur By far the most frequent cause of recurrence of 
fecal drainage from the wound following surgical closure is infection The 
recurrence of fecal drainage often is preceded by obvious evidence of severe 
infection m the superficial layer of the wound Subsequently, m all probability, 
a subfascial abscess forms which ruptures into the bowel through the suture 
line and externally to form a fecal fistula That infection plays an important 
role m the formation of such fistulae is evidenced by the results of this study 
In those cases m which infection was largely controlled through the use of 
combined succmylsulfathiazole and sulfathiazole therapy resumption of fecal 
drainage from the wound occurred m only two cases out of 102 * 

Reports concerning the sensitivity of patients to succmylsulfathiazole are 
rare It seldom produces an untoward reaction and it is one of the most innoc- 
uous of the sulfonamide drugs In cases m which the drug is administered as 
it vas m the cases m Group i, 5 to 15 Gm of the drug probabl}'- was present 
m the intestine at the time of operation Part of this is absorbed into the blood 
stream as sulfathiazole In addition to this amount of succmylsulfathiazole, the 
tissues also contain the 5 Gm of sulfathiazole that was applied locall)’' In cases 

* In one of tliese cases unsuspected phlegmonous induration and edema were encoun- 
tered at operation The intestinal sutures did not hold and a fecal fistula resulted The 
second failure is unexplained 
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in which the patients are sensitive to sulfathiazole, one might expect a toxic 
reaction under these circumstances These diugs are absorbed into the blood 
stream very slowly from their respective sites In 15 of the cases m Group i 
the concentration of sulfathiazole in the blood was determined repeatedly for 
the fii St seven days after operation In only one instance was the concentration 
of the drug greater than i 5 mg per 100 cc of blood In one case a value for 
sulfathiazole of 5 2 mg pei 100 cc of blood was obtained 48 hours postoper- 
atively 

A toxic reaction occurred in only two of the 50 cases m Group i In both 
of these cases the reaction occurred on the fifth day after operation In each 
instance, the reaction consisted of an erythematous, urticana-like eruption on 
the face, hands and lower part of the legs, edema of the affected parts, puffiness 
of the eyelids, severe pruritus, and increase of the temperature to 101° F The 
skin lesions, pruritus and fever subsided completely by the thirteenth day after 
operation The blood count was not altered m either case and no other toxic 
manifestations were observed It is impossible to say whether these reactions 
were due to sulfathiazole or to succmylsulfathiazole 

Certain parts of the preoperative treatment previously described deseive 
further consideration It would seem unwise to discontinue the administration 
of succmylsulfathiazole for any appreciable time before operation is performed 
After the administration of the drug is discontinued, the number of bacteria 
in the intestine rapidly returns to its previously high level, therefore, in the 
cases in Group i, the administration of this drug was continued up to four or 
six hours before the scheduled surgical intervention in order to obtain the 
maximal effect of the drug at the time of operation If it were essential for 
the number of coliform bacteria to be at an absolute minimum at the time of 
operation, it would be necessary to alter this piogram Considerable variation 
apparently exists in the response of different patients to succmylsulfathiazole 
Thus, in some cases it is necessary to administer the drug in large doses for 
from five to seven days before the maximal effect on bacterial growth in the 
colon IS obtained Ideally, then, one probably should culture the stools daily 
and defer operation until such time as the results of bacteriologic tests would 
indicate At the present, however, such a procedure has not seemed advisable 
to us and for practical purposes the plan herein outlined, m Avhich the drug is 
given for three full days and its administration continued up to within six 
hours of the time of operation, would appear to be satisfactory 

The combined use of succmylsulfathiazole and sulfathiazole does not 
eliminate the necessity of exercising good surgical judgment in selecting the 
time for closure of the stoma If the spui has not been adequately crushed or 
IS thick and edematous and surrounded by a phlegmonous induration, the 
lesults still are likely to be unsatisfactory regardless of how intensively the 
sulfonamide drugs are used 

Finally, the adjunctive treatment would seem to be important Irrigations 
to free the bowel of impacted fecal material are always used After the bowel 
is emptied satisfactorily the irrigations are discontinued so that, for at least 24 
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hours before operation, the intestine is put at rest and all fecal mateyal which 
comes down to the stoma is well mixed with succinylsulfathiazole Probably 
all of the following play important parts (i) The nonresidue diet, which 
reduces the bulk of the stool and in itself alters the bacterial flora favorably ; 
(2) aspiration to empty the intestine as much as possible; and (3) adminis- 
tration of camphorated tincture of opium to decrease peristaltic activity during 
the operative procedure 


SUMMARY 

The oral administration of succinylsulfathiazole and the local application of 
sulfathiazole to the operative wound have greatly improved the results which 
we have obtained in closure of colonic stomas Infection of the operative 
wounds occurred in 84 per cent and a fecal fistula developed in 30 per cent of 
a senes of 102 cases in which no sulfonamide drug was employed, whereas, 
infection of the wounds occurred in only 13 per cent and a fecal fistula 
occurred in only two per cent of 102 cases in which a combination of succmyl- 
sulfathiazole and sulfathiazole was administered These improvements m the 
results are, in a large part, attributable to the new chemotherapeutic agent 
succinylsulfathiazole and they indicate in general the usefulness of this drug 
in the management of surgical diseases of the lower intestinal tract 

For their not inconsiderable part m working out this program and help in carrying 
out the many details, we wish to express our appreciation to Doctor Bargen, and his 
associates, m the Division of Medicine at the Mayo Clinic 
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THE ADVANTAGES AND DISADVANTAGES OF CLOSED 
RESECTION OF THE COLON* 

WiLMAM Crawford White, M D , and Frederick H Amendola, M D. 

Ne\7 York, N Y 

FROM THE SURGICAI. SERVICES OF THE ROOSEVELT HOSPITAL NEW TORK, N Y 

On the Surgical Services of the Roosevelt Hospital it was maintained 
for many years that some form of the Mikulicz procedure was the operation 
of choice in resection of the colon This attitude dated back to the work of 
one of our surgeons, C N Dowd,* ^ whose experiences with the two-stage 
exteriorization method were more satisfactory and convincingly safer than with 
the open resections of his time In his generation, the preparatory and post- 
operative measures, now familiar to all of us, were either not known or 
unavailable Blood transfusion was direct, from the radial artery to the 
■vein The Gatch bed was a novelty Intestinal decompression with indwelling 
tube and suction was unknown Any form of primary anastomosis entailed 
a prohibitive mortality 

In 1939, Patterson and Webb^ read before the New York Surgical Society 
a report of our results with the Mikulicz procedure At that meeting the 
discussion and criticisms by Whipple* and MacFee* were reasonable and 
sound The report was somewhat misleading, however, since it gave the 
impression that we had performed no closed resections As a matter of 
fact, we were employing right enterocolectomy with the closed technic with 
increasing frequency, at first in two stages, later in one stage, with a 
proximal enterostomy as a vent We had not, however, attempted, or con- 
templated, a primary anastomosis in the transverse, descending, or sigmoid 
colon for many years, although we were well aware of the favorable comment 
before this association, and in the literature, with respect to such a procedure 

As we continued to employ the Mikulicz-type of operation for the left 
half of the colon, we became increasingly conscious of certain definite objections 
to its use These were ( i ) the necessity of multiple operations and prolonged 
hospitalization, (2) the distress and discomfort of abdominal fecal evacua- 
tions for a long time, (3) the questionable adequacy of removal of bowel 
adjacent to the growth, with the mesenteric lymph nodes , (4) the establish- 
ment of a temporary complete obstruction unless an antecedent, or comple- 
niental, cecostomy or colostomy was performed, and (5) the high incidence 
ot complications, such as wound infection -with disruption, intestinal obstruc- 
tion, persistent fecal fistula, and subsequent incisional hernia The danger of 
local implantation of tumor cells had been overcome by the Rankin'* obstructive 
lesection, but even this procedure, in our opinion, did not insure sufficiently 
wide removal to prevent local intra-abdommal recurrence of the growth 

* Read before the American Surgical Association, May 3 - 4 , 1944 , Chicago, 111 
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Despite these objections we continued to utilize the exteriorization operation 
because of our firm belief that it was safer than primary resection The 
leports of Whipple,®’ MacFee,® Allen,®’ and others, made us doubt that 
our attitude was entirely justifiable, whereupon we decided to employ primary 
lesection as tlie opportunity arose This report deals with our experience 
during the past five years 

During the years 1939 to 1943, we operated upon 1 10 patients with cancer 
of the colon, exclusive of those wnth tumors of the rectum and rectosigmoid 
Resections were performed in 85, or 77 3 per cent, of that group The various 
procedures employed and the attendant mortality are summarized m Table I 


Table 1 



CAl^CER OF COLON — 1939-1943 


Per Cent 

Procedure 

Number 

Deaths 

Mortality 

Cecostomy only 

6 

3 

50% 

Enterocolostomy without resection 

S 

3 

60% 

Abdominal exploration, only 

2 

1 

50% 

Peritoneal drainage only 

2 

2 

100% 

Colostomy only 

8 

3 

37 5% 

Colocolostomy without resection 

2 

0 

0% 

Balfour resection 

2 

1 

50% 

Mikulicz-tj pe resection 

18 

4 

22 2% 

Right enterocolectomy 

29 

6 

20 6% 

Colon resection, end-to-end 

36 

4 

11 1% 

Total 

110 

27 

24 5% 


As a group, our patients represent a fair cross-section of the problems with 
which a busy general hospital is confronted We receive the private patient 
who seeks medical attention comparatively early We receive, as w^ell, the 
ward ambulance cases brought to us in miserable condition, often witli complete 
obstruction There are three fatalities in our group following simple cecostomy, 
pel formed under local anesthesia, for advanced acute obstruction Problems 
of this type illustrate the difficulties of compaiative statistics, as Allen^® has 
well pointed out How’ever, although our senes is small, and though it is 
heterogeneous from the point of view of surgical risk, w’e feel that useful 
lessons have been learned and that significant deductions may be made 
There were five enterocolostomies of the closed type, performed simply 
as a side-tracking operation in the presence of extensive carcinomatous in- 
volvement w’hich It w’as not feasible to resect Three of these patients died, 
one of circulatory failure the day following operation, another, age 76, of 
bilateral pneumonia two days postoperative The third fatalit}’’ occurred 65 
days after operation m a patient who had a cancer of the ascending colon 
with direct extension to peritoneum and other loops of bow’el, wnth multiple 
fistulae, and who developed a massive retroperitoneal abscess 

One patient died following a simple abdominal exploration which revealed 
diffuse carcinomatosis, with ascites, the primary growth being in the cecum 
A patient, age 50, died of diffuse peritonitis following perforation of a 
sigmoid carcinoma Another, age 71, had an annular carcinoma of the sigmoid 
W’hich had produced a partial obstruction of long-standing Following 
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perforation of a diverticulum proximal to the growth she came to us with 
a diffuse peritonitis, to which she succumbed In each case only peritoneal 
drainage was undertaken 

There were three deaths among eight colostomies One patient with a 
sigmoid growth, with liver metastases, disrupted his wound five days after 
a Devine colostomy had been performed He died on the operating table, 
presumably of cardiac failure, w'hile the disruption was being repaired An- 
other patient, age 76, w'ent progressively downhill and died 12 days after 
excision of a sigmoid growth, with partial excision of the bladder The rectum 
had not been removed The colostomy and cystostomy were functioning well 
The third patient, with carcinoma of the sigmoid and diffuse metastases, 
disrupted a left rectus wound six days after a loop-colostomy had been per- 
formed, and died ten days later 

Two resections of the Balfour-type were performed One patient weigh- 
ing 375 pounds, and presenting a sigmoid growth, with nodal and liver 
metastases, died on the 5th day of circulatory collapse following wound 
disruption 

In this series there were 18 exteriorizing procedures of the Mikuhcz-type, 
with four fatalities One patient, a severe cardiac, with complete obstruction 
from a sigmoid growth, had a preliminary cecostomy followed by the usual 
exteriorizing operations Two months later she developed an acute small 
towel obstruction to which she promptly succumbed, despite division of 
adhesions and enterostomy A second patient, age 74, with an annular car- 
cinoma of the sigmoid and a papillary cystadenocarcinoma of the right ovary, 
had a preliminary cecostomy, followed 17 days later by a first-stage Mikulicz 
piocedure She died two weeks later At autopsy, the abdomen was free 
of infection A third patient, age 76, upon whom exteriorization of a tumor of 
the hepatic flexure had been performed, died one week later of acute obstruc- 
tion of the small bowel Autopsy, at which no peritonitis was found, revealed 
complete obstruction “due to a normal appendix which had fallen over a loop 
of ileum, its tip becoming adherent to the mesentery on the other side ” The 
fourth fatality, a woman, age 70, with a sigmoid carcinoma and metastases 
to the mesenteric nodes, had a preliminary cecostomy under local anesthesia 
Nine days later, after a Rankin obstructive resection, she failed to rally and 
died in 36 hours of pulmonary edema 

Of the group of 29 enterocolectomies all but one were of the closed or 
so-called “aseptic” type There were six deaths One patient died suddenly 
of pulmonary embolism on the 9th day Two others died of lobar pneumonia 
on the 5th and 8th days, respectively A fourth patient, a severe cardiac, 
age 76, died ten days postoperatively It was probably poor judgment on the 
part of the surgeon to undertake the procedure Several members of the 
staff had advised against it The remaining deaths were caused by peritonitis, 
one of them proven at autopsy to be due to leakage from the blind end of the 
ileum used in the lateral anastomosis 

In the group of resections of the left colon, with primary end-to-end anas- 
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tomosis, there were 36 cases Eight were of the open type and 28 of the 
dosed or “aseptic” type In this entire group theie were four deaths One 
patient, five weeks after resection of a carcinoma of the transverse colon, 
developed an acute small bowel obstruction which was relieved by the division 
of peritoneal adhesions He died 25 days later of carcinomatosis, 70 days 
after his original operation A second patient, age 65, following resection 
of a carcinoma of the descending colon, developed an abscess of the left 
flank which was drained under local anesthesia five days later He died 
eight days after resection, having developed a right lower lobar pneumonia 
Since autopsy was not permitted we cannot exclude peritonitis as a possible 
cause of death, although his abdomen had been soft throughout The third 
fatality occurred in a patient, age 71, who developed marked distension of the 
large bow el after resection of a sigmoid growth, without benefit of a preliminary 
vent A cecostomy w'as performed foui days after resection, but the patient 
died 14 days later, probably of peritonitis The fourth death occurred two 
weeks after resection of the descending colon in a patient, age 63, from a com- 
bination of peritonitis w ith abscess formation and suppression of urine induced 
by sulfadiazine 

Comment The experience of the past five years has convinced us that 
our fear of primary resection with end-to-end anastomosis W'as unfounded, 
that the operation, in fact, is safer than the exteriorization method, and that 
it possesses a number of definite advantages over the latter procedure The 
patient is subjected to only one major operation, his hospital stay is shorter, 
and he is not distressed by abdominal evacuations Wound infections have 
been few, particularly since the use of alloy steel wire sutures for the 
abdominal w'all, as advocated by Jones Postoperative incisional hernia has 
consequently become less frequent We feel that w^e have been enabled to effect 
a more adequate removal of bowel and adjacent lymph nodes An advantage of 
major importance is the feasibility of resection of low’' sigmoid growths just 
proximal to the peritoneal reflection, as well as growth in a sigmoid wuth a 
short mesentery or an obese abdominal w^all In the past, since such growths 
did not permit a satisfactory Mikulicz operation, patients w^ere subjected 
either to inadequate removal of the tumor or to abdomino-permeal resection, 
with permanent colostomy 

In accepting the advantages of primary resection wnth anastomosis one 
should not OAerlook its limitations or certain ever-present hazards In our 
opinion, a primary anastomosis of the colon does not remove the need of 
a preliminary, or complementary, cecostomy or transverse colostomy There 
IS frequently a temporary obstruction due to edema at the site of anastomosis, 
at times irrespective of the state of electrolyte and protein balance A 
proximal vent in such instances w ill keep the bow^el decompressed and thereby 
prevent ischemia and leakage at the stoma The preoperative administration 
of sulfasuccidine and sulfathaladme, though useful in 1 educing the bacterial 
count in the colon, has not, m our hands, insured against postoperative dis- 
tension In enterocolectomy for tumors of the right colon w e have employed 
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the Miller-Abbott tube with great satisfaction Its efficacy in preventing dis- 
tension IS well recognized and, if introduced a day or two before operation, 
It facilitates the surgical procedure by diminishing the intrusion of the small 
intestine into the operative field 

Primary resection and anastomosis should not be attempted in the presence 
of an acute inflammatoiy reaction in the segment involved Some proponents 
of the procedure have contended, somewhat dogmatically, that under those 
circumstances a simple transverse or Devine colostomy should be performed, 
with a secondary resection weeks or months later The acceptance of a 
Mikulicz procedure in such cases, if it is feasible, seems to us a much more 
lational approach In certain adherent growths with superimposed infection 
or localized perforation, preliminary fecal diversion will, undoubtedly, facili- 
tate later resection In such instances, however, our experience indicates that 
life expectancy is relatively short irrespective of the type of operation 
employed 

The technical features of primary colon anastomosis are too well known 
to justify detailed repetition The adoption of oblique resection of the 
bowel ends to insure adequate blood supply, as advised by Lockhart-Mummery, 
the use of narrow-bladed crushing clamps, such as Arthur Allen has intro- 
duced, the employment of the Kerr basting-stitch, the use of interrupted 
fine silk Halsted sutures, and other similar refinements, have all added to the 
security of the anastomosis site Although it is quite generally agreed that 
a peritonitis is much more likely to be due to gross leakage after closure, 
rather than to the minimal soiling during the performance of open anastomosis, 
v/e have, in general, preferred the closed or “aseptic" method, with the appli- 
cation of sulfanilamide about the site of sutuie 

With careful supervision of nutrition and hydration, so ably emphasized 
by Coder and Maddock, with safer anesthesias, and the rapid advances in 
chemotherapy, the literature on cancer of the colon discloses an ever increasing 
percentage of operability and resectability As a consequence, we may expect 
more cured cases, but we must also anticipate a steady mortality rate as we 
accept problems which are technically more and more formidable and per- 
plexing Though we may favor one operative procedure over others, as a 
general rule, no one surgical approach is universally applicable and most of 
these situations will tax the skill and versatility of the most experienced 
surgeon As David Cheever^^ has so excellently said “Even were it desir- 
able, it certainly is not possible completely to standardize the treatment of any 
disease Such a multiplicity of variable factors are involved, in the patient 
himself, m his disease, in therapeutic measures, and in the physician who 
applies them, that any attempt at actual standardization is fallacious and 
unlikely to prepare the physician to meet the unusual and unforeseen situation 
when it arises Nevertheless, a classification of the types of a disease and a 
knowledge based on experience of what measures have proved best to meet 
each typical condition are absolutely essential to prompt and effective action 
Of no disease are these statements more true than of carcinoma of the colon, 
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and ^et, in the selection of operative measures m this condition very great 
diveigence of opinion exists among surgeons of experience as to what 
methods are best ” 


CONCLUSIONS 

1 In a group of no patients, 85 resections were performed (773 per 
cent) We attribute this high rate of resectability to the increasing use of 
primary anastomosis 

2 With primary end-to-end lesection we have been able to excise a 
greater segment of the node-bearing mesentery 

3 In our hands, the mortality rate of primary closed resection in the left 
colon IS one-half the mortality rate of the Mikuhcz-type of resection 

4 It IS our opinion that a vent proximal to the anastomosis is a necessary 
safeguard in primary resection 
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Discussion — Dr W M Firor, Baltimore ild The results of Doctor Dixon’s 
studies are particularly gratifying because they confirm in a large number of patients 
tli6 impressions we had gained from the study of a few patients The results are re- 
assuring because Groups 2, 3 and 4 provide adequate controls for those patients treated 
with sulfasuxidine I was interested to see the standardization of dosage of this drug 
Doctor Everitt, in Baltimore, has treated a large number of patients with intractable 
cystitis due to B colt wuth sulfasuxidine and he has come to the same conclusion as 
Doctor Dixon concerning dosage He gnes all of his patients the same amount of the 
d’-ug regardless of the patient’s weight Before hearing Doctor Dixon’s results, I would 
ha^e criticized the use of preoperatue irrigations, but the fear we had that such enemata 
might dilute the concentration of the drug is unwarranted, and I think the ad%antage of 
r'dding the bowel of gross fecal matter outweighs our hjpothetic objection Similarh 
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before hearing Doctor Dixon’s paper I would have urged the postoperative administration 
of the drug in order to keep down the number of coliform organisms in the stool, but 
this, too, seems superfluous for the type of case under discussion I do not think, how- 
ever, that this precaution is superfluous when one has done a primary anastomosis in the 
colon, for in such patients the tissues have had no chance to develop a local immunity, 
and leakage of the suture line does not occur until nine or ten days after the operation 
Of course, sulfasuxidine is to be looked upon as an adjuvant in large bowel surgery 
There are two distinct objections to its use i It has little or no effect on the anaerobic 
orgamsims in the colon, and 2 The size and number of pills required is objectionable 
Recently we have been using the phthalic acid derivative of sulfathiazole, known as sulfa- 
thalidine, the dosage of which is one-fourth that of sulfasuxidine This drug seems to 
be just as effective as sulfasuxidine I would be pleased to have Doctor Dixon try this 
new compound which is available for clinical evaluation in a series of cases similar to 
those he reported today 

Dr Allen 0 Whipple, New York In these days of the indiscriminate use of 
bacteriostatic substances, locally and systemically, m abdominal surgery, with improve- 
ment in mortality rate attributed to them, it is wise to remember certain fundamental 
principles that have always determined the kindly healing of the sutured intestine and 
pfntoneum The first of these principles is the maintenance of an adequate blood supply 
to the zone of anastomosis by the careful preservation of the blood vessels in the mesentery 
supplying that zone Second, the placing of an accurate seromuscular suture to provide 
an adequate apposition of pentoneum on either side of the suture line This can be ac- 
cumphshed most certainly with a fine silk suture on a fine needle using a Lembert or 
Cushing type of stitch through the seromuscular layers This is far more important 
than the clumsy and ineffective attempts at sutunngs the friable mucosal layer In the 
so-called aseptic technics the mucosal stitch is never used, and reliance is placed solely on 
the seromuscular mattress sutures Third, and most important, is to prevent tension on 
the suture line, with its accompanying tissue necrosis, by keeping the proximal segment 
of bowel empty of gas and fecal content 

In ileocolectomy this is best accomplished by the Miller-Abbott tube introduced a 
day or two before the resection , in transverse and left-sided colectomies by a cecostomy 
a few days or a week before the resection 

Table I 

COLUMBIA-PRESBYTERIAN SURGICAL SERVICE 
Radical Colon Operations — 1033-1043 Inc 

Ileocolectomies Resections with Anastomosis Rankm Mikulicz 


Left Colon Transverse 


Year 






— ■■ 








and 

Deaths 



Deaths 



Deaths 



Deaths 



Deaths 

PO 

Per 


PO 

Per 


PO 

Per 


PO 

Per 


PO 

Per 

Cases No 

1933-1937 

Cent 

Cases 

No 

Cent 

Cases 

No 

Cent 

Cases 

No 

Cent 

Cases 

No 

Cent 

60 10 

16 6 













1938-1943 

117 11 

Total 

9 4 













177 21 

11 8 

139 

17 

12 2 

29 

7 

24il 

39 

7 

17 9 

28 

8 

28 5 


Doctor White, m his typically honest way, has reported the results m colon resections 
at the Roosevelt Hospital, and has shown that the previous convictions he and his 
colleagues had in favor of the Mikulicz operation were not corroborated by their later 
experience with one-stage resection whenever possible, provided intestinal decompression 
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IS earned out either by intestinal intubation or preliminary cecostomy or colostomy 
There are cases and conditions where the Mikulicz or preferably the Rankin procedure 
IS indicated, but I am sure, as time goes on, the Mikulicz technic will be discarded for 
the very good reasons which Doctor White has enumerated and because of the unques- 
tionably better morbidity and mortality rates he has obtained, and which our own 
statistics demonstrate (Tables I, II and III) 

Table II 

COLUMBIA-PRESBYTERIAN SURGICAL SERVICE 


. 


Ileocoleclomtes 1938-1043 




With M -A Tube 

Without M -A Tube 

Cases 

P 0 Deaths Per*Cent 

Cases P 0 Deaths Per Cent 

Cases P 0 Deaths Per Cent 

117 

11 9 4 

84 5 5 9 

33 6 18 1 


Table III 

CARCINOMA OF COLON 
Follow-Up Results 


Survived over 20 years tS% 

(excluding 6 cases lost to F-U 21%) 

Survived over 15 years 23 5% 

(excluding 9 cases lost to F-U 32%) 

Survived over 10 years 38% 

(excluding 11 cases lost to F-U 45 6%) 

Survived over 5 years 48 7% 

(excluding 15 cases lost to F-U 53 9%) 

Survived over 3 years 66% 

(excluding 13 cases lost to F-U 71%) 


Dr. Thomas E Jones, Cleveland, Ohio As one who has never used intrapentoneal 
vaccine and never used any of the sulfa drugs in any of these cases previous to operation, 
I would like to show one slide in discussing Doctor Dixon’s paper It may serve as a 
control group I merely want to emphasize the fact that it is very difficult to evaluate 
the importance of any one therapeutic agent 

(Slide) This is a group of cases that was published two years ago It involved 
the closure of a colonic stoma There were 77 cases of operation for obstructive resection 
for carcinoma of the colon The primary mortality was 65 per cent There was spon- 
taneous closure in ii, or 15 per cent The total hospital stay, from preliminary pre- 
operative treatment, to the time the patient was discharged, was 28 days 

Broken down, the total hospital stay for closure of the stoma was only 8 days, as 
contrasted to 14 days listed by Doctor Dixon Transient drainage in only 7 cases, or 
10 per cent Secondary closure was not necessitated once 

So, without benefit of any of the sulfa drugs, and with equal benefit of clergy, 
I propose this group of cases 

(Slide) I This is a specimen partly opened up On the one side we have typical 
duodenal and gastric mucosa, and in the opposite side normal ileal mucosa 

(Slide) II Here is another view of tlie specimen in which you can see the difference 
between the mucosa on the one half and mucosa on the other half 

It seems to me that one must be conservative early in these hemorrhages However, 
It also seems to me tliat if one has repeated hemorrhages it is well to perform an ex- 
ploratory operation at least once (I do not think twice is necessary'), to rule out any of 
tliese conditions which cannot be show'n by physical examination or roentgenologically 

Dr Frank L Meleney, New York I expected to hare Albert Key ask me xvhat 
1 tliought of Doctor Dixon’s results, but I w'ant to anticipate him by asking just two 
questions 
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Doctor Firor has said that he considers the other three groups as adequate controls 

I would like to ask Doctor Dixon if the controls were run concurrently with the 
treated cases I do not think we can accept, as adequate controls, cases done in a 
previous surgical era 

On the face of the figures it would seem to indicate that the sulfasuxidine was the 
important factor, because with sulfanilamide and sulfathiazole the results were similar 
to the controls, although slightly lower 

I think It has been definitely demonstrated that sulfasuxidine will diminish the 
cohform organisms, and possibly other organisms in the intestinal tract , probably washing 
out the colon just before operation was an added factor I believe that if he should fun 
concurrent controls, he might very well show a lower incidence of infection when the sulfa- 
suxidine actually reduces the number of cohform organisms which are the most important 
pathogens in peritonitis 

I believe sulfanilamide is safer in the peritoneal cavity than sulfathiazole, because 
the latter is so slowly removed that it frequently produces adhesions, whereas, sulfanilamide 
IS fairly promptly removed, and seldom causes adhesions unless used m very large amounts 

Dr John J Morton, Rochester, N Y I am glad that Doctor Whipple emphasizes 
bringing together without tension of the wound, either the colostomy or the resection 
That, I think, is of the utmost importance I wish to comment also on the use of suture 
material Now, surgeons should have nerve enough to close their wounds completely with 
nonabsorbable material, and to omit the drams They will have less wound infection 
ard less sinuses during the convalescence 

The dram succeeds in trapping serum, and, as you know, it drams only a short time — ■ 
It seals off It acts as a culture medium The same thing is true of absorbing and 
digesting catgut material It acts as a perfect culture medium If the surgeons will 
omit these, they will obtain better results 

When we have gross soiling we do not hesitate to use the sulfa drugs In some cases 
the clamp slips, and then we make use of the sulfa drugs , otherwise we do not use them 
loutmely In our hands, since we have used sulfa drugs, the results have been much 
better By that I mean mtrapentoneal use of sulfathiazole mixtures with sulfadiazine and 
sulfanilamide, all three 

I think from our personal experience these drugs certainly do something mtraperitone- 

ally 


Dr Frederick A Coller, Ann Arbor, Mich Our experience m treating cancer 
of the colon has been similar to that of Doctor White , that is, we have year by year per- 
formed more excisions, with primary anastomoses, and m the past three years we have 
carried these out by aseptic methods whenever possible It is now only the rare case that 
IS treated by exteriorization We do not fear peritonitis from contamination during the 
operation , the peritonitis that is serious is the one secondary to the continuous infection 
from a leak m the anastomosis This is always serious and is due to faulty technic 

However, if an open anastomosis is used, or if gross contamination occur from accident 
during operation, or character of the lesion, one still does not fear peritonitis, but there 
will occur infection of the abdominal w'all The peritoneum is more resistant to infection 
than IS the abdominal wall, particularly the panmculus 

For some years we have adopted the routine of delayed closure under these cir- 
cumstances The peritoneum and transversalis fascia are closed m one layer, and the 
superficial fascia closed as a second layer Sutures are placed so as to close the panmculus 
and skin, the w'ound superficial to the fascia is packed with gauze This is removed in 
24 to 48 hours, and the sutures are pulled up and tied This procedure has reduced the 
incidence of infection in the wall to a very small figure If the aseptic type of anastomosis 
IS used, and if there is no contamination, the abdominal wall is closed tight m the usual 
manner We have tried the use of \arious sulfa drugs in the wall but we have gi\en 
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them up as the \\ounds did not do as well Likewise, w'e seldom use these chemicals in 
the peritoneal caMty If one maj become poetic, Doctor Dixon, we found that these 
agents in the panniculus act like an onion to the eye— they wnll weep, w'hile the gauze 
of our pack acts like a handkerchief, it wupes the tears away I w^as pleased to read an 
article of Dr John Pemberton, that appeared about three months ago, m w^hich he re- 
cf'unted his ver> favorable results with this method of delayed closure I suggest that 
Doctor Dixon observe some of these cases, which he can do without much difficulty, 
and perhaps they will convince him that gauze is better than the sulfa chemicals in the 
abdominal wall 

Dr. C F Dixon (closing) I should like to say a few w'ords about the interesting 
series of cases presented bj Doctors White and Whipple At present, I am of the 
opinion that primarj anastomosis following removal of growths from the left half of 
the colon, and, more especiallj, those of the sigmoid, is not as safe as the exteriorization 
ti pe of operation, w hich leav es a double-barreled colonic stoma that must be closed later 
I know that mv colleague, Doctor Pemberton, is in accord with this statement With 
cheinicotherapj making such great strides, perhaps it will be possible at some time to 
carry out a single-stage procedure on the left half of the colon, with as low a mortality rate 
as the two-stage procedure but, at present, I am reluctant to advocate it as a routine 
method In dealing w ith lesions of the rectosigmoid I have earned out anterior resections 
in 126 consecutive cases in which continuity was reestablished and a temporary stoma 
was provided in the transverse colon There were two deaths m this series — one was 
from peritonitis and the other from pneumonia Type III 

I feel just as Doctor Coller does about Doctor Jones’ excellent results, but I still 
think that, finally, he will use sulfonamide drugs m such cases 

Doctor Meleney raised an important question I agree with his statement that per- 
centages relating to results cannot be considered to be accurate unless controls are run 
concurrentlj with a given series of cases, for instance, I did not have controls for the 
102 cases of closure of a colonic stoma, which I reported here However, all of the 
patients in the entire series were operated upon by me, with the help of the same 
assistants I have not used salfathalidine as Doctor Firor has suggested I shall be 
interested in trjing it * 

May I add that I agree with Doctor Coller that Doctor Pemberton’s method of 
closure is an excellent one However, this presentation was not intended primarily to 
emphasize a method but rather to point out the apparent effect of certain sulfonamides 
in decreasing infection in and about the site of closure 
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Harvey B Stone, M D 

» Baitimohe, Md 

Hemorrhage from the upper alimentary tract, with vomiting of blood 
as a prominent feature, has been much discussed in the medical literature 
The passage of blood from lesions of the anal canal and lower rectum is a 
familiar phenomena The chemical and microscopic search for constant small 
losses of blood in the stool is a standard method of clinical study But the 
subject of this paper is different from all of these conditions, and in spite 
of not being rare, has attracted relatively little attention The subject referred 
to IS the sudden passage from the bowel of large quantities of blood, often 
sufficient to cause varying degrees of shock, and often with little to indicate 
the exact source or cause of the bleeding 

For a good many years the writer has encountered occasional cases of 
this sort and has developed an interest in them The occurrence of nine 
such cases in his private practice within the last year has enlivened this 
interest, and led to a collection of such cases, herewith recorded, together 
with certain observations and opinions 

Excluded by definition from this discussion are those cases in which the 
cause of the bleeding is obvious, as for example following a surgical operation 
on the bowel, or association with a known blood dyscrasia such as hemophilia, 
or occurring in a known case of duodenal ulcer or of bowel tumor 

The typical history of the cases under discussion, which of course varies 
in detail, may be summarized as follows ® 

A person who believed himself to be in ordinary good health, is suddenly 
seized by an urgent desire to defecate, accompanied by a marked feeling of 
faintness Sometimes the faintness precedes the bowel movement, some- 
times It follows It When the evacuated material is looked at, it is seen to be 
largely or wholly composed of blood The blood may be fairly bright red, 
brownish-red, or tarry Usually there are one or more subsequent similar 
evacuations, extending perhaps over two or three days Then the process 
usually stops spontaneously leaving the patient pallid and weak and often 
badly frightened 

The handling of such cases involves two principal efforts The treat- 
ment of the immediate condition and the discovery of the cause of the 
bleeding The former objective is of course the more urgent The writer 
has developed the following method of immediate treatment, which is not 
advanced dogmatically but has proved satisfactory m practice Surgical 
attack IS not seriously considered in the early stages of the illness The 
poor condition of the patient and the unknown location and nature of the 
lesion are sufficient reasons for this decision Such patients should not 

♦Read before the American Surgical Association, May 3-4, 1944, Chicago, III 
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be subjected to an exploratory celiotomy that would very possibly be 
fruitless The patient should be put to bed at once, with the feet elevated 
usually Morphine hypodermically is probably useful. If the hemoglobin 
shows a reduction to or below 6o per cent, and if the systolic blood pressure 
falls below 90, a transfusion of whole blood is given In most instances this 
may not be absolutely necessary, but it is the most effective and rapid restora- 
tive of the general condition Giving the blood slowly, and not m larger 
quantities than 500 cc , has not been followed by harmful effects, except 
in one instance w^here a sharp chill and reaction occurred m spite of a very 
good match One of the cases herewith recorded is reported to have died 
after a transfusion given elsewhere for a subsequent attack of bleeding, 
but whether there was any causal relation between the transfusion and 
the death is not known The often expressed fear that transfusion may 
cause renewed bleeding has not been realized in practice All food by 
mouth should be stopped, and only small amounts of water allowed 
Intravenous fluids sufficient to keep water balance are administered The 
inclusion of plasma in such fluids has been adopted m the past years and is 
believed to be helpful In the great majority of cases the bleeding stops within 
48 hours and the patient is rapidly rehabilitated from the early low level 
of the initial shock How^ever, such patients often require two to three 
weeks for complete restoration, and during this time look pale and are weak 
Some of them lose as much as ten pounds in weight 

The diagnostic study of the case, except for such innocuous procedures 
as careful history taking, gentle abdominal examination, and rectal palpation, 
is best postponed until the up-turn in the general condition is well advanced 
Then a sigmoidscopic examination, a barium enema and gastro-mtestinal 
roentgenologic study are in order. Blood studies to exclude thrombocytopenia, 
or other significant abnormalities, are also carried out 

As a result of the diagnostic efforts, the cases may be divided into three 
groups In the first, -^vhich in my experience is the smallest group, a 
definite lesion, such as a duodenal ulcer, may be discovered that is adequate 
to explain the bleeding In the second group, there may be found certain 
anomalies, not usually associated with gross hemorrhage, that may perhaps 
be regarded as responsible for the bleeding Of these, multiple diverticulosis 
has occurred several times in this series of cases The third group, the most 
interesting and largest, remains completely obscure The history, the clinical 
study, and the various special investigations, including roentgenologic examina- 
tion, reveal nothing of significance The existence of this considerable group 
of cases is the conclusive reason against early operation Operation under 
such conditions is a pure "shot in the dark ” Of course in those instances 
w’here a lesion of distinctly surgical nature is discovered, the definitive treat- 
ment, after restorative measures, is operative removal 

The subsequent history of these patients is interesting A considerable 
number of them do not bleed again Others may bleed after long intervals 
of freedom — ^in one case in this series the interval was 20 years Still 
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Others may be subject to recurrent hemorrhages a number of months apart 
As these recui rent cases may also belong in the group with no diagnosed lesion, 
the decision as to further treatment becomes very difficult Should one sit 
helplessly by and let the grave hemorihages continue, or submit the patient 
to an abdominal exploiation that may prove fruitless^ For experience has 
shown that even the most searching explorations may fail to disclose the source 
of the bleeding Indeed, autopsy m the rare fatal cases has sometimes 
been reported as inconclusive in its findings On the other hand, sometimes 
an exploration will reveal, and permit the removal of a lesion, that escaped 
detection m the study of the case This possibility, and the natural disinclina- 
tion to a course of merely passive waiting in the hope that nature may effect 
a cure, will usually lead to the decision to explore the recurrent cases, and 
with this attitude there can be no serious objection Exactly when to operate, 
and aftei how much provocation in the form of repeated bleeding, must 
lemain a matter of individual judgment 

The lesions that may be suspected or proved as the cause of the bleeding 
form a considerable and hetei ogeneous list With no claim to completeness, 
the following conditions aie mentioned Tumois of various types, especially 
polypi and hemangiomata , less often malignant growths , gastric, duodenal, 
intestinal, and colonic ulcers, and ulcers in Meckel’s diverticulum, divertic- 
ulosis , regional ileitis and colitis , vascular lesions, such as varicose veins, 
infarctions, miliary aneurysms , trauma from ingested foreign bodies , erosions 
fiom pressure of extia-intestinal lesions, such as aneurysms of large vessels, 
and other even rarer conditions Among constitutional causes may be men- 
tioned blood dj'sciasias and hypertension 

The following collection of cases, briefly analyzed, will serve to point 
out, specifically, many of the foregoing general remaiks 

BLEEDING WITH NO DISCOVERABLE CAUSE 

Case I — U M H 1 14740 RAN, white, male, age ii months No significant 
history Severe rectal bleeding, bright red blood, 12 hours duration before admission 
General and rectal examination negative Barium roentgenogram enema negative 
Hb 44 8 per cent Other blood findings negative Bleeding stopped in 24 hours No 
further bleeding after two months 

Case 2 — U M H 110740 V L, white, female, age nine years Profuse rectal 
hemorrhage the day before admission Similar episode five months earlier Physical, 
rectal, proctoscopic and roentgenologic examinations negatne except for a tiny polypus 
near the anal sphincter Hb 60 per cent No further bleeding for following ten months 
Case 3 — U M H 64404-2 W G B, Jr, white, male, age 24 First admission 
March 12, 1938 Complained of passing large tarry stools for several days At that 
time Hb 51 pei cent Physical and other examinations, including roentgenologic, were 
entirely negative Patient was transfused and discharged Readmitted with the same 
complaint and the same findings March 23, 1039 Third admission on January 26, 1940, 
same complaint and same findings In the interval between these admissions the patient 
had no symptoms and seemed completely well Blood studies and roentgenologic studies 
each time were negative 

On April 8, 1939, an erplotatoiv ceholomy was performed, with complete inspection 
01 the gastro-intestmal tract from the diaphragm to the rectum and palpation of the 
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liver and the spleen No lesion ivas found An appendicectomy was performed Con- 
valescence was une\entful It will be noted that this operation was followed again a 
year later by further bleeding 

Case 4 -^U M H 68057 C M H , white, male, age 59 History of rectal bleeding 
and dark tarry stools one w^eek before admission No massive hemorrhage Examination 
show'ed moderate arteriosclerotic heart disease Rectal examination negative Barium 
enema and gastro-intestmal series negative Hb 45 per cent Given four transfusions 
of 300 cc each No further bleeding 

Case 5 —U M H 84879 M A , wdute, female, age 38 Admitted w'lth complaint 
of gross hemorrhage of fresh blood six w'eeks earlier Had been treated conservatively 
elsew'here, and there had been no turther bleeding Patient came into the hospital for 
study Physical examination, including complete roentgenologic studies, W'as entirely 
negative Hb 78 per cent No further bleeding No diagnosis 

Case 6 — U M H 105465 R P B , wdute, male, age 55 Admitted with complaint 
of large tarry stools for one w’cek before admission Onlj^ significant note m history 
was an appendicectomy performed four years earlier General physical examination, 
rectal, and proctoscopic were all negative On this admission, January i, I 943 j com- 
plete roentgenologic studies of the gastro-mtestinal tract w^ere negative Hb 51 per 
cent Given twm transfusions Was discharged January 13, 1943, there having been 
no further bleeding Patient w'as readmitted November 9, 1943, with another sudden 
onset of rectal bleeding The entire examination including complete roentgenologic 
studies was completely negative Hb this time dropped to 44 per cent Received two 
blood transfusions There has been no subsequent bkeding to date 

Case 7 — J H H A-4266 \V L, colored, male, age nme years, ten months 
Patient w'as admitted January, 1938, wuth history of several fainting attacks in the 
previous three weeks, leaving him weak and pale, and followed by tarry stools There 
had been some vomiting associated With some of these attacks On admission his Hb 
was 40 per cent Examination otherwise was negative He was readmitted to the 
hospital in May, 1938, with epigastric pain, v'omitmg of food with some blood and 
tw’o tarry, black stools Hb 65 per cent, which later fell to 35 per cent The patient 
was treated with transfusions and intravenous fluids until recovery' from shock An 
exploratory celiotomy was then performed, which was negative, except for some lymphoid 
hyperplasia Patient was readmitted December, 1938, w'lth a history of some recent 
pain in the left upper quadrant, vomiting of some blood and bloody stools Examinations, 
including repeated gastro-intestinal and barmm enema roentgenologic studies and 
gastric analysis, were entirely negative Blood stud’cs were also negative There 
W'as another recurrence in !March, 1930, again, in Nov'ember, 1939, at which time 
further examinations including sternal biopsy were negative There was st’Il another 
recurrence in March, 1940, at this time, a study of possible allergies was made, w'hich 
was negative A second cchotomy was performed Fluid blood was seen in the small 
bowel but no etiologic factor could be found During convalescence an esophagoscopy 
was done, which was negative A note, as of January, 1943, reports no further bleeding 

Case 8 J H H 284779 W E H, white, male, age 16 Patient was admitted 
to the hospital, with a complaint of weakness and pallor for sev'eial weeks and large 
tarry stools for two days previous to admission Abdominal examination, roentgenologic 
studies, blood studies, gastroscopy and proctoscopy were all negative Conservativ'e 
treatment No furtlier bleeding 

Case 9 ^J H H 127438 R H, white, male, age 25 Some epigastric pain of 
short duration five months previously', and again two months previously Relieved by 
vomiting Has lost 20 lbs in three months After an indiscretion in diet, the night 
before admission, he became suddenly nauseated and vomited Following this he grew 
very thirsty, and fainted There was some blood m the vomitus On admission, was 
found to have bloody stools, the abdomen was negative, gastro-intestinal roentgenograms 
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were negative Hb 42 per cent Conservative treatment No further bleeding This 
case may have been one of duodenal ulcer, but no lesion was demonstrated 

Case 10 — H H 215216 J H R, white, male, age 26 Appendix removed at 
age 12 Complained of abdominal discomfort the night before admission Was 
nauseated, and fainted when he tried to vomit Next day passed tarry stools Abdom- 
inal examination negative Hb 655 per cent Roentgenologic studies showed spastic 
bowel, but no lesion All other examinations were negative Conservative treatment 
Bleeding stopped 

Case II — J H H 177634 T M, colored, male, age 36 Appendix removed five 
years before Sudden weakness and dizziness while at work the day before admission 
Nauseated but did not vomit Next day vomited some bright blood Abdomen negative 
Hb 42 per cent Stool positive for blood Roentgenologic studies negative Gastric 
analysis and proctoscopic examination negative Transfusion Conservative treatment 
Discharged Recurrence of bloody stools after two years and again, five months later, 
at whirli time diveiticula were suspected in the ascending colon Recurrence again 
after six years, and again ti years later On this last admission all examinations 
including roentgenologic, gastroscopic and proctoscopic were reported as negative 

Case 12 — H H 130524 G D, colored, female, age 38 Has had epigastric 
pain and soreness at intervals during three years before admission, which would disappear 
spontaneously Two weeks before admission became extremely weak and tired, was 
notably pale, and for the first time passed large tarry stools Abdominal examination 
was negative Hb 50 per cent Stools negative for parasites Gastro-intestinal 
roentgenologic studies negative , were repeated, and again negative Gastroscopic 
examination negative Conservative treatment with transfusions Discharged improved, 
was well one year after 

Case 13 — J H H 74517 C McC, white, male, age 40 Mild indigestion for 
eight years, occasionally vomited, never any blood Five days before admission felt 
weak passed a large tarry stool Four days before admission, felt nauseated and fainted 
Abdominal examination negative Hb 48 per cent Gastro-intestinal roentgenologic 
studies and blood studies negative Conservative treatment Discharged improved 
Case 14 — T H H 177821 T B, colored, male age 43 Just before admission 
had fainting attack and a large hemorrhage fiom the rectum Abdominal examination nega- 
tive Hb 5 7 Gm STS posit've Gastro-intestinal and barium enema studies were 
negative Proctoscopic examination was negative Conservative treatment with trans- 
fusions Recurrence of tarry stools two years later and again, three and one-half 
years later, with considerable shock Recurrence again five years later, with vomiting of 
some blood At this time, blood studies were all negative Gastro-mtestinal and barium 
enema studies were negative Proctoscopic examination negative Exploratory celiotomy 
negative No lesion found Two years later had had no recurrence 

Case 15 — J H H 23';o7'^ O T N , white male age 44 May, 1939, passed tarry 
stools and vomited some blood Felt quite weak Roentgenologic studies reported as 
negative In Tune, 194T, again, passed large tarry stools for two or three days Hb 
76 per cent Gastro-intestinal roentgenologic studies and barium enema negative Con- 
servative treatment Discharged improved 

Case 16 — J H H 53744 J J , colored, female, age 47 Increasing constipation 
for two vears Twentv pounds weight loss in six months Ten days before admission 
felt faint and had to he down, and next dav passed one pint dark clotted blood from 
the rectum During the succeeding ten davs passed blood from rectum on several 
occasions No pain but increasing w'eakness and some vomit ng Abdominal examination 
negative Hb 29 per cent Gastro-intestinal roentgenologic studies negative Barium 
enema showed a constriction at the rectosigmoid Proctoscopic examination negative 
Erporatory celiotomy No lesion found Later, barium enema was repeated, and this 
time the constriction was reported at the splenic flexure Discharged improved 
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Case 17 — H H 53669 R V O, white, male, age 49 No previous symptoms 
Mala*se and weakness all day Collapsed when he went to toilet Passed large tarry 
stool Abdominal examination negative Hb 70 per cent STS positive Other 
examinations negative Consen^ative treatment No further bleeding 

Case 18 — H H 73665 J S, white, female, age 51 Six attacks of abdominal 
pain m the epigastrium during the year before admission On day of admission awoke 
dizzy with severe headache Fainted on slight exertion Tarry stool Hb 40 per cent 
Gastric analysis negative Gastro-intestinal series and barium enema negative Con- 
servative treatment with transfusions Discharged improved Latei, had another 
occurrence of tarry stools 

Case 19 — H H 141314 S G, white, male, age 52 Was admitted to the 
hospital with acute pulmonary edema While on the ward had a sudden, severe pain 
in the left mid abdomen with vomiting Passed large stool containing blood Abdominal 
and rectal examinations were negative Exploratory celiotomy No lesion found Dis- 
charged improved 

Case 20 — H H 195992 S W E , white, female, age 52 Three years before 
admission patient had had a sudden attack of nausea, headache and abdominal discomfort 
and passed large bloody and tarry stools All examinations were said to have been 
negative Recurrence some months later Examinations again negative Explora- 
tory celiotomy, performed elsewhere, was reported negative Since that time has 
had repeated intermittent episodes of tarry stools and weakness Abdominal exami- 
nation negative Hb 61 per cent Gastro-mtestinal roentgenologic examination 
negative Exploratory celiotomy, performed elsewhere, was reported negative Since 
that time has had repeated intermittent episodes of tarry stools and wakness Abdominal 
examination negative Hb 61 per cent Gastro-mtestinal roentgenologic examination 
and barium enema negative, except for possibly abnormal loops in the region of the 
terminal ileum Operation was refused Patient discharged 

Case 21 — H H 227811 G C, white, male, age 53 Sudden, severe crampy 
pain in the thighs and abdomen Several hours later vomited large amount of fluid 
Abdominal examination negative Gastric analysis negative Gastro-mtestinal roentgeno- 
logic studies, at this time, were interpreted as showing dilated esophagus Conservative 
treatment Patient discharged improved Eight months later, patient readmitted, with 
large tarry stools and weakness Gastro-mtestinal roentgenologic studies, at this time, 
were interpreted as negative Esophagoscopy negative 

Case 22 — J H H U-74670 G H , white, female, age 53 Since the age of 25 has 
had irregular attacks of indigestion with crampy pains in the lower abdomen On the 
day before admission, following a meal, she was nauseated, felt some tightness in the 
epigastrium, and then passed a large tarry stool, and fainted This was repeated again 
later Patient induced vomiting and brought up some dark, reddish material Abdomen 
very fat but negative on examination Hb 65 per cent Gastroscopic examination 
negative Gastro-mtestinal and barium enema series were negative Conservative 
treatment Reported seven years later as being well during the interval 

Case 23 — H H 192752 H B, white, male, age 53 Chronic constipation and 
indigestion About six months ago vomited some blood and passed dark stools streaked 
with blood Similar attacks four months ago Had lost 1 5 pounds m six months Shortly 
before admission vomited a little blood and passed large, dark stools with blood clots 
Abdominal examination negative Hb 3 5 Gm Gastro-mtestinal roentgenologic studies 
showed some delay m passage of barium through the small bowel Barium enema was 
negative Esophagoscopy unsatisfactory Consen^ative treatments with transfusions 
Discharged improved 


Case 24— J H H 290050 F W L, white, male, age 54 Two weeks before 
admission a few bright red blood streaks noted on stool Homing of admission, large 
tarry stool, with blood Felt weak and fainted Abdominal examination negative 
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Barium enema negative Proctoscopic examination negative Conservative treatment 
with transfusion Discharged improved No further bleeding for one year 

Case 25 — H H 39479 L S , white, female, age 56 Past history negative 
Sudden faintness and desire to defecate Passed large amount of dark, red stool, which 
was repeated three times in 30 minutes Increasing weakness, dizziness and palpitation 
Several more dark stools during the following few days Abdomen negative Hb 40 
per cent Gastro-intestinal and barium enema roentgenologic studies negative Con- 
servative treatment Discharged improved 

Case 26 — H H 135648 W J J, white, male, age 49 Past history negative 
Passed large tarry stool, and felt faint while at work Abdominal examination negative 
Gastric analysis negative Gastro-intestinal and barium roentgenologic studies negative 
Conservative treatment 

Case 27 — J H H 159583 J LaR, white, male, age 59 Indigestion for many 
years Relieved by soda Vomited several times, and on the last occasion noted some 
bright red blood Passed large, tarry stool the next morning Abdominal examination 
negative Hb 77 per cent Gastro-intestinal roentgenologic studies negative Con- 
servative treatment 

Case 28 — J H H 230193 S H, white, female, age 64 Past history negative 
Sudden attack of vomiting, felt cold and clammy In later attacks of vomiting some 
bright red blood Passed blood per rectum several times Slight abdominal pain 
Abdomen negative Hb 88 per cent Gastro-intestinal studies and barium enema nega- 
tive Conservative treatment 

Case 29 — J H H 180361 M W, white, female, age 66 One year of indigestion, 
without relation to meals On day before admission, marked dizziness and weakness, 
with a desire to defecate Passed large tarry stool Next day stools continued to be 
large and tarry and vomited some dark material Abdominal examination negative 
Hb 51 per cent Gastro-intestinal and barium enema roentgenologic studies negative 
Conservative treatment with transfusion 

Case 30 — H H 163115 C B H, white, male, age 77 Some epigastric pain 
and belching at times for seveial months Had passed dark stools for past three weeks 
On day before admission felt cold and very weak, and had urgent desire to defecate 
Passed large tarry stools Shortly afterward vomited considerable amount of blood, 
with some epigastric discomfort Abdominal examination negative Hb 40 per cent 
Gastro-intestinal senes negative Barium enema was interpreted as negative, but the 
cecum was not well visualized Patient had an unexplained fever of 102° F , with 
leukocytosis during his stay m the hospital Conservative treatment with transfusions 
Discharged improved 

Case 31 — J H H 27890 M K white, female, age 79 Epigastric discomfort 
,and belching for the past year Sudden nausea and vomiting, no blood Passed large 
stool containing large amount of old, dark blood Patient became quite pale One or 
two dark stools for the next two or three days Abdomen negative Hb 45 per cent 
Conservative treatment with transfusions Patient left the hospital without permission 
Two weeks afterwards recurrence of tarry stools Patient died following a trans- 
fusion given elsewhere 


CASES -WITH POSSIBLE EXPLANATIONS 

Case I — U M H 90509-2 S H C , white, male, age 64 Patient has had a history 
of occasional epigastric pain, relieved by soda Pam usually occurs at night or when 
stomach is empty Gallbladder removed for gallstones two years previously Twenty- 
four hours prior to admission had an attack of nausea followed bj the passage of four 
large tarry stools Abdominal examination showed hernia m the scar of the previous 
operation, and patient was much o\erweight Hb 448 per cent Gastro-intestinal 
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senes and barium enema negati\e, except for spasm at the rectosigmoid junction Procto- 
scopic examination negative Conservative treatment with transfusions 

In view of the history and the fact that the roentgenologic studies were 
handicapped by obesity, this case might be attributed to duodenal ulcer No 
further bleeding since discharge from the hospital Patient on ulcer treatment 

Case 2 — H H 122580 R A P , white, male, age three years Occasional bright 
blood in the stools for 1 5 years Polypus removed on two occasions from the rectum Before 
admission passed large bright red stool Three separate roentgenologic studies of the 
colon failed to reveal any lesions 

This case may be attributed to polypi not detected roentgenologically 

Case 3 — U M H 85859 PER, wEite, female, age 12 Patient had been treated 
for anemia, with tarrj stools, three j'ears before admission Two da>s before admission 
passed large, tarry stool mixed wuth some bright red blood Abdominal examination 
negative Gastro-intestinal and barium roentgenologic studies negative Proctoscopic 
examination negative Patient continued to pass blood from the rectum in spite of 
repeated transfusions Explotatory celiotomy No lesion found except large tortuous 
blood vessels m the wall of the small intestine, especially the lower jejunum, and some 
lymphoid hyperplasia Appendix removed After operation, several roentgen-ray 
treatments W'ere administered to the abdomen No further bleeding during the next year 

This case may be explained on the basis of the dilated blood vessels in 
the intestinal wall 

Case 4 — U M H 47047 W S B , w'hite, male, age 58 Admitted to the hospital 
wnth complaint of weakness, fainting and tarry stools during previous week Previous 
similar attack six months earlier Recovery and second admission for similar complaints 
six months later Repeated roentgenologic studies and proctoscopic studies were negative 
Two years later, patient admitted to hospital for severe nose bleed and hypertension 
(220/130) This had developed subsequent to his first admission On a third admission, 
another two years later, patient had a cerebrovascular accident, Avith a left hemiplegia 
Patient recovered from* tins, and three years later w'as again admitted because of the 
vomiting of a large amount of blood 

This case may be understood as one of progressive hypertensive disease 
with arteriosclerosis, the first evidence of ivhich \vas bleeding from the bowel 

Case 5 — H H 237884 J D , wEite, male, age 66 No previous symptoms 
Three days before admission, faintness, nausea and five large tarry stools, with some 
bright red blood This was repeated for the following two days Abdomen showed slight 
ascites Liver two fingei sbreadth below costal margin Gastro-intestinal and barium 
enema roentgenologic studies negative Hb 76 per cent General examination show’ed 
arteriosclerotic heart disease 

This case, like the preceding one, Avas probably bleeding due to vascular 
Gisease 

Case 6 — M H 109555 R S, white, female, age 17 Patient first admitted with 
a history negative except for three episodes of gross hemorrhage from the bowel during 
the preceding three months The blood was bright red Past history Avas negative, 
except for appendicectomy two years previously All examinations were negative 
The patient was discharged Patient w'as readmitted four months later because of 
another attack of rectal bleeding At this time, there w'as slight tenderness m the lower 
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abdomen, and a presumptive diagnosis of Meckel’s diverticulum, with bleeding, was made 
Evploratoiy icitolomy The only abnormality found was a small indurated area in 
the wall of the cecum, which appeared to be where the appendix stump had been inverted 
This area was excised Microscopic examination was reported as granuloma of the 
cecum There has been no bleeding since the operation 

The lesion described may have been the cause of the bleeding, but it was 
so small that the operating surgeon was skeptical about its importance 

Case 7 — J H H 212683 M L, white, female, age 62 No previous symptoms 
Awakened early in the morning with indigestion and sudden vomiting The next day fel 
weak and dizzy, and passed large tarry stools with bridght red blood This continued for 
a few days before admission Abdomen negative Hb 40 per cent All special examinations 
morning with indigestion and sudden vomiting The next day felt weak and dizzy, 
and passed large tarry stools with bright red blood This continued for a few days 
before admission Abdomen negative Hb 40 per cent All special examinations 
negative, except for the barium enema roentgenologic study, which showed numerous 
diverticula of the descending colon and sigmoid Conservative treatment Discharged 
recovered 

This case, with several others, suggests that diverticulosis of the colon 
may at times be associated with good-sized hemorrhage into the bowel and 
no other symptoms 

Case 8 — H H 237865 D S H , white, male, age 47 No previous symptoms 
until eight months before admission, when patient had vomiting, epigastric cramps and 
passed several large tarry stools Three days before admission, patient again passed 
a large, black stool Abdomen negative Hb 90 per cent Examinations negative 
except for a diverticulum of the descending colon and two areas of constriction Con- 
servative treatment Recovery 

This IS another case of diverticulosis 

Case 7 — H H 149641 M H, colored, male, age 68 Alternating diarrhea and 
constipation for about three years Sudden fainting attacks Passed large stool con- 
taining clotted blood, and continued to pass tarry stools for the next two or three days 
Abdomen negative, and other special examinations negative, except for barium enema 
studies showing diverticula of the large bowel and a filling defect at the rectosigmoid 
junction Exploratory celiotomy negative except for diverticula Patient discharged 
improved 

This IS another case of proved diverticulosis 

Case 8 — H H 210100 R H, white, male, age 78 Some indigestion and 
nausea for two to three years More frequent in past 4-5 weeks Five days ago severe 
epigastric pain Two days ago another attack of pain followed by several tarry stools 
and increasing weakness Abdomen shows slight tenderness m the left epigastrium Liver 
and spleen just felt Hb 12 6 Gm falling later to 6 5 Gm Barium enema roentgeno- 
gram shows diverticula in the transverse colon Other examinations negative Con- 
servative treatment with transfusion Patient discharged improved 

Another case of diverticulosis, with bleeding 

Case 9 — U M H 67631-2 W F V, white, male, age 70 Three weeks before 
admission massive rectal hemorrhage, with faintness Previous history negative except 
for hernia operation and chronic gout All examinations were negative except that 
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tlie roentgenologic studies showed one large diverticulum m the third portion of the 
duodenum and extensive diverticulosis of tlie entire colon Conservative treatment 
Recovery 

Another case of diverticulosis, with bleeding 

Case 10 — U. M H 71293 A E McB, white, male, age 60 Past history negative 
except for asthma Sudden massive rectal hemorrhage, with faintness, on the day of 
admission All exammations negative except the roentgenologic studies of the intestinal 
tract These showed an herniation of tlie cardiac end of the stomach through the 
esophageal hiatus, and numerous diverticula of tlie sigmoid 

This patient had diverticulosis of the colon and an esophageal hernia 

Case II — M H 61112 A B S, white, male, age 67 Past history negative 
except for slight rectal bleeding five years prior to admission One week prior to 
admission patient had some pain in tl'e right lower quadrant of the abdomen Five days 
later he passed approximately a pint of blood from the rectum General examination 
vas negative except for a systolic murmur at the apex Roentgenologic studies showed 
diverticulosis of the sigmoid All other examinations were negative Hb 57 per cent 
Bleeding stopped the next day This patient has been followed for seven years and 
has had no further bleeding 

Another case of diverticulosis, with bleeding 

Case 12 — M H 113708 M N, white, female, age 64 Past history entirely 
negative except for occasional constipation Profuse hemorrhage from the rectum of 
bright red blood four hours before admission Abdominal examination negative Hb 
69 per cent Roentgenologic studies negative except for very extensive diverticulosis 
of the entire colon Conservative treatment, with transfusions No further bleeding 

Another case of diverticulosis 

Case 13 — H H 263x50 K S , white, male, age 22 A number of large bloody 
stools a few hours before admission Hb 83 per cent Proctoscopic examination negative 
Patient had had appendix removed, with drainage, seven years before Gastro-mtestinal 
series showed irregularities m the lower ileum and delay in passage Conservative 
treatment, with recovery 

Considered possibly regional ileitis 

Case 14 — H H 162035 L O H, white, male, age 30 Two previous epi- 
sodes of tarry stools and vomiting, eleven and nine years previously No lesion 
demonstrated at any time Admitted for tarry stools and weakness Abdomen negative 
Hb 50 per cent Roentgenologic studies negative Gastroscopy negative A second 
gastro-mtestinal roentgenologic examination was interpreted as showing persistent 
deformity of the duodenal bulb, and the questionable diagnosis of ulcer was made 
Conserv'ative treatment Recurrence three years later of tarry stools This time, 
with lower abdominal cramps On this occasion, roentgenologic studies were again 
negative 

This case may be considered one of possible duodenal ulcer 

Case 15 — J H H 210538 G A, white, male, age 47 Patient had been a heavy 
drinker Five jears previously had vomiting episode, and brought up some b’ood Tliree 
days before admission had sudden weakness and dizziness while at work, and passed 
tarry stools for the next three days No pain, nausea or vomiting Abdomen negative. 
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Hb 68 per cent Gastro-intestinal senes and proctoscopic studies were negative Liver 
function tests showed evidence of hepatic damage 

Case consideied possibly one of cinhosis of the liver 

Case i6 — H H 207504 C H, white, male, age 52 Ten years before admission 
had severe hemorrhage from the rectum, which was attributed to a duodenal ulcer for 
which an operation was performed One month befoie admission, again, had severe 
hemorrhage from rectum Abdomen negative Hb 77 per cent Roentgenologic 
studies showed a diveiticulum 111 the second portion of the duodenum Conservative 
treatment No operation 

Possibly an instance of bleeding duodenal diverticulum 

Case 17 — J H H 224977 A R, white, male, age 54 Complaint tarry stools, 
diarrhea, weakness Abdomen obese Negative on examination Hb 41 per cent 
Gastro-intestmal series showed a diverticulum in the esophagus Conservative treatment, 
with transfusion Discharging fluid 

Possible bleeding due to diverticulum of the esophagus 

Case 18 — J H H 160683 J M B, white, female, age 56 Increasing indigestion 
for SIX months Nausea and vomiting for seven days before admission Some blood 
in the vomitus at times Stools were very black Abdomen negative Hb 44 per cent 
Hypertension Other examinations all negative Conservative treatment Two years 
later recurrence, and five years later a second recurrence 

This may have been a case of alimentaiy hemorrhage from hypertension 

Case 19 — J H H 227522 J P M , white, female, age 66 Had had several 
abdominal operations previously Had haa hypertension for many years Just before 
admission had nausea and vomiting, and passed a very large and bloody stool, followed 
by fainting Abdomen negatne Hb 70 per cent BP on admission 180/100 All 
other examinations negative Conservative treatment Discharged improved 

This, also, ma}’’ be a case of bleeding from hypertension 

Case 20 — E H H (personal friend), white, male, age 64 Attack of fainting 
followed by passage of large tarry stool, in 1913 Studies at this time were incon- 
clusive Recurrence of similar attack 20 years later, in 1933 Patient quite well in the 
interval Following the second attack roentgenologic studies were intepreted as showing 
some distortion of the duodenal bulb and probable diagnosis of duodenal ulcer was made 

Possibly an instance of bleeding from a duodenal ulcer 

GROUP OF CASES PROVED CAUSES 

% 

Case I — C H H 35521 J B, white, male, age 32 Two days before admission 
had some abdomin.il cramps and gurgles, and early the next morning passed a large 
amount of blood per rectum No other symptoms Barium enema showed filling defect 
m the descending colon Resection and anastomosis with remo\al of a malignant growth 
was performed Recover3 

Case 2 — U M H 105168-2 R B D , white, male, age 71 On previous admission 
patient had passed a large amount of blood and general examination, including roent- 
genologic studies, had been negative Recurrence of sjmptoms one year later, at which 
time roentgenograms showed carcinoma of the cardiac end of the stomach The films 
w'ere intepreted as indicating an apparently inoperable condition and, in any event, 
the patient refused surgerj 
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Case 3 — H H 295336 J F H , white, male, age 61 History of bloody stools 
three months before admission Some vomiting of blood three years before that While 
in hospital he passed large tariy stool Died Autopsy showed cirrhosis of the liver 
and thrombosis of the portal vein 

Case 4 — H H 232449 W M , white, male, age 57 Strong history of alcoholism 
Admitted to the hospital for vomiting and bloody stools Hb 44 per cent Died 
Autopsy showed nodular cirrhosis of the liver, enlargement of the spleen and esophageal 
varices 

Case 5 — J H H 112680 L W, colored, female, age 30 Sore throat 25 weeks 
before admission followed by fever and passing of blood per rectum Patient died m 
the hospital and, at autopsy, was found to have a subacute gastro-enteritis, organism 
undetermined, with massive hemorrhage into the ileum and colon 

Cases 6, 7 and 8 — J H H 127538,! H H 107352, and J H H 135006 These 
three cases all presented blood m the stool as a chief symptom, and were all diagnosed 
gastric ulcer on roentgenologic or other evidence 

Cases 9, 10 and II — J H H 152677,! H H 162159, and! H H 272856 These 
three cases all presented blood in the stool as an important symptom, and all were proved 
to ha\e carcinoma of the stomach 

Case 12 — ! H H A-6901 C E G, colored, male, age 14 months Vomiting of 
blood and blood-stained stools At operation, based on roentgenologic evidence, a 
duodenal cyst was found and removed Recovery 

Case 13 — ] H H 195622 C F F, white, male, age 43 Bleeding into the bowel 
chief symptoms Roentgenologic diagnosis of diverticulum of the duodenum Operation 
— excision of diverticulum Discharged well 

Case 14 — ! H H 260056 M H , white, male, age 21 Two >ears before admission 
profuse bleeding from rectum Gastro-int^stinal senes negative Recurrence of bleeding 
at time of admission Several large, dark bloody stools Some pain to the left of the 
umbilicus Exploratory celiotomy Regional ileitis Resection and anastomosis Recovery 

Case 15 — ^! H H 200330 N C , colored, female, age 37 Nausea and vomiting 
Passage of large amount of bright red blood per rectum Hb 62 per cent Conservative 
treatment Recurrence five months later Exploratory celiotomy Regional ileitis 
Resection and recovery 

Case 16 — ^! H H 152963 W S , white, male, age 38 Tarry stools for eight days 
Hb 57 per cent Gastro-intestinal series showed a constriction at the pylorus Explora- 
tory celiotomy Stomach and pylorus normal Meckel’s diverticulum found and resected 
Recovery 

Case 17 — J H H 286391 G W, white, male, age 22 Injection of some sclerosing 
fluid by physician two months before admission Nine days before admission bright 
red blood in large quantities in stool continuing since that time Examinations, including 
proctoscopic, were negative Exploratory celiotomy was negative Profuse bleeding 
after operation, at which time an artery in the rectal wall was discovered to be spurting 
Controlled through the proctoscope 

Case 18 — ! H H 181633 H P, white, male, age 72 Massive hemorrhage from 
bowel Lymphoid leukemia 

Case 19 — ! H H 180084 H S P , white, male, age 26 Alassive hemorrhage 
into the bowel Myeloid leukemia 

Case 20. — ^! H H 4486 M L , white, male, age 41 Large intestinal hemorrhage 
Hemophilia 

Case 21 —! H H 252723 S K W , white, male, age 40 No previous sj'mptoms 
Large bloody stools for the past two months Admission because of sudden abdominal 
cramps, with massive bloody stools Conservative treatment Patient bled to death in 
spite of transfusions Autopsy showed carcinoma at the splenic flexure of the colon 
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The cases heiewith lecoided are too few and too heterogeneous for statis- 
tical study, but ceitain facts are evident The patients were of all ages, of both 
sexes, and included both Negroes and w'hites The patients with proved 
causes of bleeding piesent a variety of lesions, some of which may have 
been piesent but undiscovered in some of the unexplained cases The fairly 
numeious cases of diveiticulosis of the colon, associated with bleeding, may 
indicate that hemoiihage into the bow'el is a more common occurrence in this 
condition than is generally believed Similar bleeding must be recognized 
as an occasional symptom of the laiei conditions reported among the proved 
cases The outstanding observation, however, is the quite considerable group 
of patients with large melena in whom careful and extensive study failed to 
reveal an)'^ explanation of the source or cause of the hemorrhage 

SUMMARY AND CONCLUSIONS 

(1) Repoit is made of a collection of cases m wdiich the presenting symp- 
tom w'as large hemorrhage, passed per lectum, of obscure oiigin 

(2) The opinion is expressed that restorative treatment followed by care- 
iul study IS the proper immediate treatment, and that early operation should 
not be advised 

(3) These cases may be divided into three groups (a) Those in which 
Study reveals the definite cause of the bleeding, (b) those in which a lesion 
IS discovered that peihaps accounts for the bleeding, and (c) those where 
exhaustive seaich fails to show any explanation 

(4) The subsequent history of these patients with no detectable lesion 
may be free fiom any further bleeding, or subsequent hemorrhages may occur 
at varying intervals 

(5) Surgical treatment should be carried out w^hen a lesion of the type 
amenable to operation is definitety diagnosed after adequate study Where 
lecurrent bleeding is associated with a lesion that might be responsible, and 
(his lesion is suitable for surgical intervention, operation should be advised 
111 the cases that lemain completely unexplained, operation is only a resort 
of desperation in the face of repeated grave hemorrhages Such an operation 
may still fail to discovei or relieve the trouble 

The writer expresses his tlianks and obligation to Dr Frank Inue for his help 
in collecting the data on the cases from the Johns Hopkins Hospital, and to Dr Ray 
Curtis, for similar kindly serMces at the Union Memorial Hospital 

Discussion — Dr Damon B Pififfjr, Philadelphia This is a strong clinical paper 
and valuable compilation of cases Doubtless, nearly all of us, being clinical surgeons, 
have encountered cases similar to those which are related m detail by Doctor Stone 

It IS difficult for any man, however, to accumulate a great deal of personal experience, 
because such cases come along sporadically and m small numbers 

McBurney once said “Lord deliver me from man of one case ” However, many 
cases individuallj collected and analyzed are in reality a clinical research I would 
like to add, -v ery briefly, a feiv cases which have come under my own observation 

About ten years ago, a man, age 57, was sent to me at the Abington Hospital, after 
severe, exsanguinating gastric hemorrhage He had had typical ulcer symptoms 
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30 years before, associated with frequent severe hemorrhages and melena, and after 
five years he was sent to the late John B Deaver, who explored him in the German 
Hospital, now the Lankenau The roentgenograms had been negative Everything else 
was negative, but Doctor Deaver was convinced from the history of this man that he 
had an ulcer 

He found nothing by palpation and general exploration, but being sure that there w^as 
an ulcer he made a gastrotomy and examined every bit of that man’s gastric mucosa 
Finding nothing, he closed him up The duodenum seemed normal 

A year later the man had the same kind of hemorrhage Again he w'as brought 
to the hospital, this time being wary He was examined medically, nothing was found 
Doctor Deaver declined to do anything more, and a tentative diagnosis of purpura 
haemorrhagic intestinahs, W'as made 

He continued at intervals of a jear or a year and a half to have the same kind 
of hemorrhages About the time he got built up he would be bled out again He 
w'ould get W'ell in the meantime 

With each hemorrhage he would have sjmptoms somew'hat indicative of ulcer 
Finally, after he had had about a 20-year siege of this thing, he was brought to me 
I advised operation because he w'as exsanguinated and I felt sure from his history that he 
must have an ulcer He refused to have the operation, and left Eleven months later 
he had another such hemorrhage This time he gave in and I explored him 

I found no evidence of an ulcer directly, but w'here the duodenum approached the 
liver there w'as obviously an area of inflammation and adhesions I decided to explore 
his duodenum I made a duodenotomy, and there, sitting on the head of the pancreas, 
burrowing into it to some extent, but not enough to make a crater that you could feei 
with your finger, was a huge ulcer the size of a quarter, and in the bed of it was a 
plainly visible artery running across it I destroyed the artery with the actual cautery, 
and finished the operation as a Finney pyloroplastj That man in ten years has not 
bled nor had any symptoms of ulcer 

Let me digress for a moment and mention the control of hemorrhage in such a 
case (Demonstration) I have operated upon a number of such cases Say this is the 
duodenum, and here is the pancreas We find an ulcer here wnth an artery running 
across it, or perhaps one or two openings — just a little thread of artery in between 
What are you going to do about ’t^ Are you going to tie it — are you going to lift the 
duodenum and tie the gastroduodenal arter> heie, which is an operation of some 
magnitude’ 

This experience with the cautery led me to believe that if you could cauterize an 
artery in such a way that it could be plugged back of the bed of the ulcer, in other 
words, so that gastric juices could not digest aw'ay the clot, it would be more successful 
than simply to tie it or to undertake the larger operation 

It occurred to me on one such occasion to bend a probe, just an ordinary little 
piobe, the bend of which w'ould fit into the vessel, put it in the vessel, attach the electrode 
to it and burn it all the way back beyond the wall of the vessel 

In one such case I was interested to find that not only was there active hemorrhage 
trom the proximal artery, but also from the distal opening There w^as enough blood 
coming from the distal opening to bleed profusely, w^hich is one argument against the 
operation which only ties the proximal artery 

Now, encouraged by that experience, a few years later I had a man with typical 
symptoms like the above, four hemorrhages over a span of 11 years, and negative 
loentgenograms 

I explored his duodenum and found nothing I finished his pyloroplasty, thinking 
he might have had h\ pet acidity and erosions He bled again in a year 

Another case was a man who had been perfectly well for o\er 40 years, admitted 
with a massne henioiihage, both from stomach and bowel He was semicomatbse on 
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admission He could never be gotten into condition for operation, although he had by 
drop 3,350 cc of blood within 24 hours At autopsy he had a small mucous erosion 
into an esophageal vein although there was no evidence of cirrhosis or of splenomegaly 
No exploration ever could have succeeded in finding that lesion 

Another case was that of a woman with massive hemorrhages from the bowel I 
examined her with a speculum, and there was a little spurt from a pinpoint hole in 
a vessel, and no surrounding inflammation If it had not been actively bleeding I 
never would have found it That would have been another case of “hemorrhage of 
unknown origin” 

Another case, very recently, was that of a man who came in with very severe 
hemorrhage He vomited some blood, but most of it passed from the rectum He 
rallied from this and I went on a vacation My associate explored him on the basis 
of a report from the roentgenologist that there was a suspicious lesion in his sigmoid 
Nothing could be found, another "unknown origin” case 

I have had the same experience that Doctor Stone mentioned, that of bleeding in 
diverticulosis I was once skeptical of it, but the coincidence is too great I have 
thought of a reason which may or may not be right 

A diverticulum is a sort of "blow-out” at the point where a vessel penetrates the 
outer wall of the colon Usually this goes into an epiploic appendage Those of you 
who have cut off an appendage without first clamping the base will remember what a 
sharp little hemorrhage occurs The diverticulum and artery are side by side in the 
wall, and it is easy to understand that the vessel may be eroded by a combination of 
pressure and infection Bleeding will then occur into the sigmoid, and on exploration 
there will be no external evidence of the site 

I think Doctor Stone has rendered a useful service in collecting these cases and 
making us think about them With a possible occasional exception, I agree with him 
entirely that if you have not the strongest clinical evidence as to what the lesion is, 
in the absence of any objective evidence, such as demonstrated roentgenologically, you 
had better let them alone 

Dr Thomas E Jones, Cleveland, Ohio I would like to report a case, very briefly, 
of a young girl, five years of age, who had had repeated massive hemorrhages since 
the age of seven months She came to the Clinic about a year ago, and all examinations 
were negative, as they are m most of these cases Gastro-intestmal roentgenograms were 
negative 

The patient never had pain Naturally, after four years of this performance it was 
not a very hard job to sell her parents on an exploratory operation This was done 
because I felt that perhaps she might have a Meckel’s diverticulum, because in the 
past 15 years I have had three occasions where this was the cause of massive hemorrhage 
(Slide) This is a specimen that was removed About six or eight feet from the 
ileocecal valve we encountered what appeared to be a reduplication of the small 
intestine This was resected and a side-to-side anastomosis made, and the patient 
was dismissed from the hospital on the eighth postoperative day This is the longest 
time the patient has been free from hemoirhage since she was seven months of age, 
therefore, we are probably right in assuming that this was the cause of the bleeding 

Dr Alton Ochsner, New Orleans, La There are two causes of obscure bleeding 
from the gastro-intestmal tract that I think should be emphasized One is cholecystitis, 
which may produce the ty pical “red stomach” , the other, which has recently come to 
my attention, is the hemorrhage tendency resulting from the administration of large 
amounts of aspirin 

I fecently learned from Dr Alberto Navarro, of Panama, of a patient who had 
recurrent massive hemorrhages from the gastro-intestmal tract This patient had taken 
aspirin over a long period because of a migraine and, since it has been shown recently 
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that aspirin will produce an hypoprothrombinemia, it is likely that the bleeding m this 
case was due to this cause Since administration of vitamin K relieved the patient 
this conclusion seems likely 

So It seems to me in patients in whom there is massive hemorrhage, and in whom 
we cannot find a cause for it, one might think of the possibility of the lowly therapeutic 
agent, aspirin, which is taken so readily by patients 

Dr Fredcrick Christophfr, Winnetka, 111 I want to present, very briefly, the case 
of a woman, age 26, who had repeated large hemorrhages from the rectum Her 
hemoglobin fell to 26 per cent, and the red blood count was 1,400,000 

Upon exploration an hemangioma was found to the ileum It was readily identified 
by the bright red color, and originated in the antimesenteric border, and came up 
both sides 

(Slide) This is a section taken through the bleeding point After resection the 
patient made complete recovery 

Dr Philemon E Truesdale, Fall River, Mass From what Doctor Stone has 
said, it can reasonably be presumed that all of the known causes of hemorrhage from 
the gastro-intestinal tract have been considered, though not mentioned There is one 
which has not been presented here that I think is worthy of your attention, because 
It IS far more common than is generally supposed In fact, in relating the obscure 
causes of hemorrhage in the gastro-intestinal tract among elderly people — particularly 
women — that from esophageal hiatus hernia is probably the most common 

Many of these patients have passed the meridian of life, and a fairly large per- 
centage of them IS found to be anemic If blood loss is not suspected, and the stools are 
not examined for occult blood, this source of hemorrhage will be overlooked Unless 
this source is revealed, the hernia will remain untreated, and the cause of hemorrhage 
will inevitably continue, for if the presence of blood in the stools is not found before 
an abdominal operation is undertaken, it will not be discovered during the operation 
The hemorrhage is due to abrasion or erosion, and originates from varices at the 
cardiac end of the stomach or from the base of an actual ulcer, both of which will be 
relieved by the operation for the cure of the hiatus hernia 

Dr Harvfy B Stone (closing) I want to thank the various discussers I might 
say in the published form of the paper the various conditions found will be recorded 
in different case reports 

I want to add that you may be interested to know that among them is a spurting 
vessel in the rectum such as Doctor Pfeiffer recorded and two cases of diaphragmatic 
hernia, such as Doctor Truesdale referred to, but I think Doctor Ochsner has introduced 
one we did not have — the changing in the blood coagulation bj"- the use of aspirin 

I realize that a paper such as this is apt to give rise to an experience-meeting type 
of comment, but I think we owe a debt to Doctor Jones for clearly pointing out that 
there does come a time in these cases of persistent recurring hemorrhage when you 
really must explore them, and when that time comes, as I said in the original talk, 
I think it depends upon the individual judgment of the doctor and upon the particular 
circumstances of the case 
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FROM THD DEPARTMCVT OF SURGERY UNIVERSITY OF CINCINNATI COLLEGE OF MEDICINE AND 
THE CINCINNATI GENERAL HOSPITAL CINCINNATI OHIO 

The treatment of inflammatory rectal stricture has long been unsatis- 
factory The causal relationship of l3'mphopathia venereum to rectal stricture 
IS now generally conceded,^’ but there is no such unanimity of opinion 
legarding treatment There are many reasons for this difference of opinion 
First, the strictures vary from simple fibrous narrowings causing no symp- 
toms to extensive lesions involving the rectum and colon with partial or 
complete obstruction Second, the presence of ulcerations, sinuses and fistulae 
may complicate the problem Finally, the degree of cooperation of the 
patient will determine management Measures involving repeated clinic 
visits, prolonged administration of drugs or observance of careful hygiene 
are generally not employed successfully in such patients as form the bulk 
of our clinic practice 

The various modes of attack on inflammatory rectal stricture may be 
grouped conveniently under four headings (i) Drugs and antigens, (2) ir- 
radiation, (3) dilatation, and (4) surgery Brief reference to a few publica- 
tions will indicate the experience of other authors with these methods 

Dings and Antigens — Of the many drugs which have been employed in 
the treatment of lymphopathia venereum the sulfonamide compounds^’ ® are 
most noteworthy Antigens of considerable potency have recently been 
developed These agents either alone or m combination have been used suc- 
cessfully in the inguinal or early anorectal forms of the disease and in the 
later active inflammatory phases The stricture itself, however, has been 
affected only indirectly through control of the associated inflammation 

luadiatwn — Reports are contradictory concerning roentgenotherapy m 
lymphopathia venereum even in the inguinal and early anorectal forms of 
the disease After the formation of fibrous stricture it is reported to be of 
no benefit ~ Transitory relief by short wave diathermy®’ ® has been attributed 
to the dilating effect of the instrument inseited into the rectum 

Dilatation — The apparently simple and direct approach by dilatation has 
been widely employed both alone and in conjunction with drugs and surgery 
Dilatation alone is not conspicuously successful,^® and is not without danger 
Warthen advocated a sigmoid colostomy with simultaneous obliteration of the 
cul-de-sac in order to obviate the danger of perforation during dilatation of 
the stricture He reported ten cases in which the stricture seemed to be 

I elaxing 

* Read before the American Surgical Association, May 3 - 4 , i944i Chicago, 111 

598 



Volume 120 
Number 4 


SIRICTURE OF RECTUM 


Surge} y — Surgical eftorts have been diiected towaid diveisioii of the 
fecal stream by colostomy, plastic pi ocedures on the sti ictured ai ea and radical 
icsection of the infected rectosigmoid Colostomy has usually been employed 
at an advanced stage, with no constant success m anesting the progress 
of the disease Ingenious operations designed to enlarge the cahbei of the 
stricture by “tunnel” grafts,^- and other procedures, have not been \Mdely 
employed 

Perineal resection of the rectosigmoid following colostomy was success- 
ft'lly carried out by Barber and Murphy,^® Edw^ards and Kindell,^'* and by 
Bacon Tw'o of these series included instances of protracted perineal 
infection In 1922, Hartmann^® reported tw^o abdomino-pei meal lesections 
with one successful result and one operative death In discussing this type 
of treatment, subsequent authors generally deciy such an extensive operation 
Morris^’’^ in 1940 reported a single successful abdomino-permeal resection for 
inflammatory stricture of the rectum 

CLINICAL MATERIAL 

We have analyzed the records of 192 cases of inflammatory rectal strictuie 
tieated at the Cincinnati General Hospital during the past 25 years All 
presented the clinical picture now recognized as stricture due to lymphopathia 
venereum Eighty-six per cent of 105 tested cases gave positive reactions 
to lymphopathia venereum antigen Whenever microscopic examination of 
tissue from the stricture w^as earned out, the picture w'as that of nonspecific 
inflammation 

A biief case summaiy will be illustrative 

Case Report — G J , colored, female, age 37, was treated for severe proctitis 
during a period of seven months in 1929 At the same time she underwent hemorrhoid- 
ectomy and fistulectomy In 1937, during hospitalization for acute pelvic cellulitis, 
she ga\e a story of progressively increasing constipation diminution in the caliber 
of her stools, rectal and vaginal discharge, and intermittent slight rectal bleeding 
Examination showed small granulomatous masses about the vulva with a rectovaginal 
fistula Five centimeters above the anal margin there was a dense fibrous stricture which 
would not admit the finger tip Kahn and Frei tests were positive Biopsy of the 
stricture showed chronic inflammation In 1939, she ivas treated conservatively for 
an episode of low intestinal obstruction Following a second episode in 1940 a two- 
stage abdomino-permeal resection, by the Lahey technic, was carried o it w ith marked 
improvement in her general health during the ensuing three years 

This history is characteristic of the resected cases in oui series 

It should be emphasized, at the outset, that we are consideiing only that 
phase of the disease after the formation of fibrous stricture While many 
authors report encouraging results m treating the early stages of the infection 
lesults in treatment of fibrous stricture are less satisfactoiy 

Our cases have been divided into tw^o groups, depending on the severity 
of symptoms We have classified as “mild’ those patients who have no 
fi^tulae or sinuses and w^hose loss of weight is below 20 pounds We ha\e 
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classified as “severe” those patients with at least one fistula or sinus or 
with loss of w^eight of at least 20 pounds While admittedly arbitrary, this 
classification gives an objective basis for analysis 

Our material is deiived fiom a general hospital m which 37 per cent of 
the patients are coloied In this study, however, 85 per cent of the patients 
were coloied As m most repoited senes, females predominate m a propor- 
tion of nearly seven to one The average age when first seen was 34 years 
v/ith extremes of 19 and 65 A positive serologic test for syphilis was obtained 
in 32 per cent Another 15 per cent gave a history strongly suggestive of 
this disease 

Results have been recorded as “good,” “fair” and “poor ” Those who 
have maintained a gam m weight, who are without discharge from the 
perineum or colostomy, and who are fiee from subjective difficulty wnth the 
rectum or colostomy are considered “good ” Those who maintain their 
weight but continue to have symptoms, such as purulent or bloody discharge, 
abdominal cramps 01 difficulty with the colostomy, are considered “fair ” 
As “poor” results, are classified those whose sj’^mptoms are unrelieved or 
aggravated 

Treatment consisted of dilatation, sulfonamide therapy, roentgenotherapy 
and surgery In many cases different methods of treatment were successively 
employed before symptoms were finally relieved Repeated disappointment 
with conservative management led to increasingly frequent use of radical 

resection The first perineal resec- 
tions were performed by Dr Mont 
R Reid and Dr B N Carter, and 
later radical abdomino-penneal re- 
section was carried out at their sug- 
gestion An attempt has been made 
to cA'^aluate the independent role of 
each method in the attainment of the 
final result 

DILATATIONS 

In this series 108 patients were 
treated by dilatation The usual pro- 
gram embraced one or more dilata- 
tions under anesthesia in the hospital, 
Avith subsequent treatments in the 
dispensary Eighty-two patients were 
subjected to 156 dilatations under 
anesthesia, the number of treatments 
varying from one to seven There is 
information adequate for analysis in 
77 cases, of which 32 were “mild” 
and 45 were “severe” (Chart i) 
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Of the former, seven (218 per cent) were “fair” results and 25 (78 2 
per ce-nt) were “poor ” In the “severe” group two (4 4 per cent) were “fair” 
and 43 (95 6 per cent) were “poor ” No “good” results were obtained by 
dilatation Regardless of the trifling character of the symptoms, results are 
not classifled as “good” unless there was deflnite improvement 

Four patients died of peritonitis m eight hours to ten days Two died 
with a syndrome resembling shock within eight hours after dilatation under 
anesthesia In one of these, autopsy showed acute gangrenous proctitis 
One patient died of infection two months after dilatation As a direct 
lesult of the disease ii others died at periods up to 13 years after dilatation 
The average follow-up period in this group was 4 2 years If those who 
died m the hospital as a result of dilatation are excluded, the average is 
4.6 years, with extremes of one month and 23 yeais 

SULFONAMIDE THERAPY 

Our small experience with sulfonamides supports the common opinion that 
these agents inhibit the primary process and the secondary infectiop We 
have not used sodium sulfanilate and sodium sulfanilyl sulfanilate, but our 
use of sulfanilamide, sulfathiazole and sulfadiazine has resulted m no dramatic 
improvement m these dense fibrous stiictures The aveiage treatment period, 
however, has been insufficient to allow a fair evaluation of the drugs’ 
effectiveness 


ROENTGENOTHERAPY 

Among seven patients treated by 
roentgen irradiation there were two 
“good” results, both of whom had 
colostomies before irradiation Three 
of the remaining five cases had colos- 
tomy and irradiation with little benefit 

COLOSTOMY WITHOUT RESECTION 

This method was used in 34 pa- 
tients, in 82 per cent of whom the dis- 
ease was “severe ” In contrast, the 
process was considered “severe” in 
69 per cent of cases subjected to re- 
section, while only 58 per cent of 
those treated by dilatation were so 
classified 

There were six “mild” cases 
(Chart 2) with results equally di- 
vided between “fair” and “poor ” 
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Death due to postoperative complications accounted for two of the “poor” 
1 esults 

Among 28 “severe” cases there were five ( 17 8 per cent) “good” results, 
of whom two had concomitant roentgenotherapy and one sulfanilamide Six 
(21 4 pel cent) were classified as “fair,” irradiation being used m two Of 
17 (608 per cent) “poor” lesults, two died of postoperative complications 
and two developed carcinoma several years after operation 

In summaiy, per cent of this series obtained “good” results after 
colostomy, while an additional 26 per cent were improved The average 
follow-up period excluding those who died in the hospital was three years 
and nine months, with extremes of six months and ten years 

RADICAL RESECTION 

Our experience with radical resection of the rectosigmoid for lympho- 
p.vthia venereum embraces 35 cases The average follow-up period was two 
years and seven months, with extremes of one month and ten years In 
three, the follow-up was inadequate so that conclusions are based on 32 cases 
(Chart 3) Perineal resection was the procedure originally employed, but 

difficulties, which will be discussed 
later, led to adoption of the combined 
abdomino-penneal opeiation Ten 
cases were of the “mild” variety 
Eight of these (80 per cent) made 
good recoveries One, a “fair” result, 
had a preliminary loop-colostomy two 
months before a combined abdomino- 
perineal resection Though his gen- 
eial condition improved greatly he 
continued to have bloody discharge 
from the blind loop distal to the colos- 
tomy The one “poor” result had a 
loop-colostomy followed two years 
later by a perineal resection He de- 
veloped a series of perineal abscesses 
The relationship of persistent perineal 
infection to incomplete resection of 
the diseased recto-sigmoid is signifi- 
cant 

Twenty-two case= were classified 
as “severe ” The results of resection in seventeen (77 3 per cent) were 
“good” “Fair” results \\ere obtained in four (182 per cent), of whom 
tvo had slight prolapse of the colostomy,' one had dyspareunia and symptoms 
suggesting bowel obstruction, ^^hlle the fourth had persistent mild diarrhea 
The single “poor ’ result in this group had a perineal resection ith persistent 
perineal drainage 27 months later 



Chart 3 — Results of resection 
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There was uniformly rapid improvement in health and eight among the 
25 patients considered “good” results and the five classified as “fair ” In all 
these instances the perineal wound healed completely 

The series includes 23 combined abdommo-permeal resections m one or 
two stages and nine perineal resections (Chart 4) In the former group are 
20 “good” and thiee “fair” results, 
while in the latter there are five 
“good,” two “fair,” and two “poor” 
results We believe that the blind 
loop of rectosigmoid distal to the 
colostomy in perineal resections ac- 
counts for “poor” results in this group 
Such a loop may harbor active infec- 
tion leading to an unhealed perineal 
wound or to persistent discharge from 
the colostomy Resection of the 
blind loop in one patient gave com- 
plete symptomatic relief 

Occasionally the disease may be 
found above the sigmoid In three 
instances it was necessaiy to resect the 
entire left side of the colon together 
with the rectosigmoid This was done 
once as part of the primary piocedure, 
and twice because of granulomatous 
stricture developing in the sigmoid 
colostomy We have not seen in- 
volvement of the right side of the colon 

In this senes of 35 resections theie were no operative deaths We wish 
to eraphasue, however, that this is a proceduie of considerable magnitude, to 
be undertaken only after conservative methods fail 

Discussion — A review of the preceding data affoids no positive basis 
foi choice of a single therapeutic method in all cases of inflammatory rectal 
stiicture Treatment m every case must be governed by the stage of the 
disease, the degree of cooperation of the patient and the response to con- 
servative therapy With asymptomatic stricture, insistence on careful hygiene 
and regulation of the bowels may be sufficient Patients have been followed 
for as long as 20 years in this series without appreciable progression of 
symptoms 

With stnctuies showing evidence of inflammatory activity or intestinal 
obstruction, more active treatment is necessary This may consist of sulfona- 
mides, wnth cvhich good results have been reported both m the early stages 
of the disease and m secondary infections While our experience has been 
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limited, we have not seen resolution of^ firm, fibrous strictures as reported 
by some authors ’’’ “ 

Antigen theiapy has been recommended for all forms of the disease, but 
published reports offer little encouragement for treatment of rectal stricture 
by this method Our expeiience with antigen therapy has been negligible 

Dilatation has been widely used It affords temporary relief of obstructive 
symptoms in the great majoiity of patients, although the risk of exacerbating 
the infection or perforating the bowel is commonly recognized Our experience 
includes seven deaths attiibutable to this procedure 

With an inflammatoiy lectal stricture that does not respond to con- 
servative measures, colostomy may be expected to eliminate obstruction 
and, in many patients, to mitigate the inflammatory symptoms Forty-one 
per cent of such patients in our series were improved by simple colostomy In 
comparing this with the resected cases, of whom 94 per cent were improved 
it should be recalled that a higher percentage of “severe” cases were subjected 
to simple colostomy This may account partially for the “poor” results in 
the latter group 

Several authors have reported ladical removal of the diseased recto- 
sigmoid,’"’' usually by perineal resection Failures following this 

operation may be attributed to extension of the disease beyond reach of the 
perineal appioach The only “poor” results in our senes of resections 
occurred with the perineal approach, because of persistent drainage from 
the perineum or from the distal colostomy loop Twenty-three combined 
abdomino-perineal resections, of which 16 were in one stage, gave quite satis- 
factory results Certain of these cases might have been managed with equal 
success by less radical methods In the majority, however, the rapid restora- 
tion of the chronically ill patient to good health apparently justified such 
drastic treatment 

Although we have used the one-stage procedure more frequently we 
now believe that the first stage of an abdomino-perineal resection by the 
Lahey technic is the operation of choice The patient is thus prepared for 
icmoval of the disease-bearmg area by abdomino-permeal resection should 
continued severity of symptoms lequire it 

Development of squamous cell caicmoma has occurred three times in our 
senes of 192 cases These patients had been under treatment for three, 
four and seven years, and all had positive Frei tests The incidence of 
I 6 per cent in our series may be compared with 8 6 per cent in that of 
Barber and Murphy’® Although this complication rarely is mentioned by 
other authors,’® it constitutes a further factor for consideration m the treat- 
ment of chronic inflammatory rectal stricture 

9 

SIBEUABT 

An analysis of 192 cases of inflammatory stiicture of the rectum treated 
at the Cincinnati General Hospital has been presented Various methods of 
treatment have been discussed and the results noted Thirty-five patients 
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were subjected to radical excision of the rectosigmoid with generally satis- 
tdctory results and without an operative death It is emphasized that this 
method of treatment is indicated only after conservative methods fail 
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Excision Surgery, 4^ 809-826, December, 1938 
Bacon, H E The Surg’cal Treatment of Lymphogranulomatous Strictures of the 
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Discussion — ^Dr Vernon C Da\<id, Chicago, 111 I have been interested and 
instructed by the Gncinnati group in their surgical approach to the management of in- 
\olvement of the rectum by lymphogranuloma ingu'nale A number of years ago, when 
I was more active at the Cook County Hiospital, I examined a large number of patients 
ha\mg such lesions A brief summary of our impressions would stress the fact that a 
small percentage had ever l>ad a suppurating inguinal bubo I ha\e ne\er been impressed 
with the theory that rectal mvolv^mont is due to lymph blockade but rather feel from the 
I«storj and early pathology that the majority of patients have had a contact infection 
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This impression is further augmented by the ulceration from this disease found on fingers 
and on the tongue While most of the rectal lesions are sharply limited to the lower 
bowel, I have operated upon at least two patients who had segmental involvement of 
other areas in the colon, and one of these patients had concurrent epilepsy, which may 
have been due to meningeal involvement I am strongly of the opinion that we are 
dealing with a constitutional disease with local lesions which are primary or arise 
from contact infection 

In stricture of the rectum we found that local applications, dilatation of the stric- 
ture, or treatment with tartai esuetic were ineffective Colostomy gives great relief 
to many patients but if local improvement was great and marked stricture had not 
developed, the reestablishment of local continuit}'^ resulted m immediate e-^acerbation of 
the local lesion m the rectum We have observed a few patients who had operative 
removal of the stricture, with union of the bowel Local recurrence was prompt 

Since the use of sulpha drugs man> patients suffering with lymphogranuloma 
inguinale of the rectum have been markedly improved or cured In recent years, two 
private patients with rectal stricture, one with a colostomy, and both with active 
ulceration of the rectum, have been cured by sulfanilamide Their strictures have been 
successfully dilated and the colostomy closed and they have been under observation and 
well for almost three years Unfortunately, all patients with rectal ulceration and 
stricture and with a positive Fiei test have not Deen cured and it is this group of patients ^ 
that colostomy failing to relieve their symptoms fall into the category discussed by the 
authors this afternoon They have rendered a distinct service in bringing their experience 
to us and I have been favorably impressed by their arguments for radical removal of 
the lesion in a selected group of patients who have resisted all other methods of treatment 

Dr C Rollins Hanlon (closing) I have little to add to what Doctors Woods 
and David have said, except to emphasize once moie the dangers of dilatation The 
safety of dilatation carried out in the Out-patient Department is in sharp contrast to 
the risk in the method we report, where the dilatation was carried out under anesthesia, 
with many fatal results 

Paradoxically enough, our review of these cases has led us to be more conservative 
than we might have been several years ago, since we realize that many cases will not 
need a combined abdominoperineal resection as we once believed, but rather, colostomy 
by the Lahey technic and treatment with the sulfonamides If the results are satisfactory, 
leave them m that stage, and many of them get along ver> well 
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INFI.UENCE or ESTROGENS ON THE PERIPHERAL 
VASOMOTOR MECHANISM 

Edward J AIcGrath, M D , and Louis G Herrmann, M D 

CiNCiKXATi, Ohio 

FROM THF DFPARTMFNT OF SURGER\ , COLLEGE OF MEDICINE OF THE UNIVERSITT OF CINCINNATI AND THE 

CINCINNATI GENERAL HOSPITAL, CINCINNATI, OHIO 

The experimental studies forming the background for the piesent 
clinical report stem from an obseivation made by Maurice Raynaud, himself, 
in the fiist of the two patients described by him m his onginal classical expo- 
sition, in 1862, of the syndiome bearing his name 

“Menstruation does not appear to have any influence upon 
the appearance of the phenomenon, but it is 0 lemaikable fact 
that the complete dtsappcatauce of attacks of local syncope has 
ahuays been noted by this lady as the first indev of a coin- 
mencing pi cgnancy” (Author’s italics) 

Predicating the possibility that the physiologic mechanism underlying this 
observation of Raynaud was associated with estrogenic substances, one of us 
(McGrath), in 1933 conducted a senes of experiments, and in 1935 sub- 
mitted what IS, to the best of our knowledge, the fiist published report of 
purely experimental work in this field ^ 

Briefly, those studies consisted of an evaluation of the effect of estiogens 
upon experimentally produced peripheral gangrene m the tail of the albino 
lat Such gangrene was induced by the parenteral administration of an ade- 
quate quantity of ergotamine tartarate The resultant lesions having been 
studied grossly and microscopically (Figs 1-4), seveial senes of animals, 
male and female, were set-up in parallel groups consisting of a control 
group, a similar group intoxicated with ergotamine tartrate, and a third 
group similarly intoxicated with eigotamine, but shielded by the daily 
administration of estrane in the form of theelin It was observed (Tables 
I and II) that all unprotected animals developed gangrene of the tail 

Table I 

MALES * 

A SUMMARV OF THE M VLE RATS OF THE FIRST THREE SERIES ERGOTAMINE WAS ADMINISTERED AS A SINGLE DOSE 
AT THE START OF EACH SERIES THE THEELIN INJECTIONS AND THE PERIODS OF OBSERVATION \\ ERE SYNCHRONOUS 
WITH CORRESPONDING SERIES OF FEMALES AS INDICATED IN TABLE II 



Series I 

Senes 11 

Series III 



Ergotamine 

Ergotamine 

Ergotamine 



25 mg per Kg 

40 mg per Kg 

60 mg per Kg 

Totals 

Total rats 

30 

15 

15 

60 

Normal control 

10 

5 

5 

20 

Rats receiving ergotamine alone 

10 

5 

5 

20 

Rats receiving ergotamine &. theelin 

10 

5 

S 

20 

Theelin in rat units daily 

2 

5 

8 

— 

Gangrene in normal controls 

0 

0 

0 

0 

Gangrene without theelin 

10 

S 

5 

20 

Gangrene with theelin 

10 

5 

5 

20 

Deaths 

0 

0 

0 

0 


*Read before the American Surgical Association, Maj 3-4, 1944, Chicago, 111 
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All protected male rats also developed gangrene of the tail Only two female 
rats, however, out of 40 protected with theehn, developed gangrene of the 
tall, and in these two the amount of gangrene was incomparably less than 
in the control animals These findings were confirmed independently by 



Tig I — Gangrene of tail of rat intoxicated ivith ergotamine tartrate 



Pj(. 2 — Cross section of tail of rat after intoxication with ergotamine (200 x) Note 
thrombosis of the central artery 
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Table II 

FEMALES 

A SVB^LMARY OF THE FEMALE RATS OF THE FOUR SERIES ERGOTAMINE WAS GIVEN IN A SINGLE DOSE AT THE START 
OF EACH SEJklES THEELIN INJECTIONS WERE CARRIED ON OVER PERIODS OF 30 DAYS, AS FOLLOWS 



Series I 

Series II 

Senes III 

Senes IV 



Ergotamine 

Ergotamine 

Ergotamine 

Ergotamine 



25 mg 

40 mg 

60 mg 

100 mg 



per Kg 

per Kg 

per Kg 

per Kg 

Totals 

Total rats 

30 

30 

30 

30 

120 

Norma! controls 

10 

10 

10 

10 

40 

Rats receiving ergotamine alone 

10 

10 

10 

10 

40 

Rats receiving ergotamine 8. theelm 

10 

10 

10 

10 

40 

Theelm in rat units daily 

2 

3 

3 

5* 

— 

Gangrene m normal controls 

0 

0 

0 

0 

0 

Gangrene without theelm 

10 

10 

10 

10 

40 

Gangrene with theelm 

0 

0 

0 

2 

2 

Deaths 

0 

0 

0 

1 

1 


* The five rat units daily was the standard dose lor this Senes In tlip four rats with trophic changes, ten 
rat units daily were given 


Series I Dec 8. 1933— Jan 7, 1934 

Series II Jan 15, 1934— Feb 14, 1934 

Series III March I. 1934— March 31, 1934 

Series IV April 25, 1934— May 24. 1934 

The rats were observed for an additional 20 days thereafter 

k 

Suzman, Freed and Prag,^ and by Ratschow and Klosterman,^ in 1938 The 
former investigators, following through a predication made by us, demon- 
strated further that in castrate male rats, the protective action of estrogens 
was quantitatively the same as it was m females In the same year (1938) 
Reynolds^ concluded from extensive investigations conducted in his laboratory, 
that the mode of action of estrogens was essentially that of local liberation of 
acetylcholine, that the estrogens w'ere, in other words, cholinergic 

This report represents our experience, during the past ten years, in trans- 
lating the foregoing experimental studies into clinical therapeutics Inasmuch, 


Table III 

PERIPHERAL VASCULAR DISTURBANCES 

A Vasomotor or functional disturbances 

I Vasoconstrictor disturbances 

1 Raynaud s syndrome 

2 Acrocyanosis 

II Vasodilatory disturbances 

1 Erythromelalgia 

2 Acute painful osteoporosis 
B Organic diseases of the arteries 

1 Traumatic (chemical and thermal) 

1 Embolism and simple thrombosis 

2 Arteriovenous aneurysm 

3 Injuries from phenol and all caustics 

4 Frost-bite 

II Inflammatory (toxic)' 

1 Thrombo-angiitis obliterans 

2 Specific artentis (syphilis) 

3 Non specific artentis (examthemata, tj phoid) 

4 Non-specific artentis (chronic toxemia, ergotism) 

5 Endarteritis obliterans (cause undetermined) 

III Degenerative changes 

1 Artenosclerosis (senile diabetic) 

2 Monckeberg s medial sclerosis 
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as a wide range of peripheral vascular disturbances have been studied, it is 
necessary, for purposes of clarity, that some order be followed in discussing 
them Classifications of diseases of the peripheral vascular system, based 
upon known or suspected etiologic factors have become fairly well standardized 
within the last decade (Table III) For diagnostic and, to some extent, 



Tig 3 — Cross section of tail (200 x) The intima of the central arteriole has 
proliferated markedly The large vessel containing the thrombus is the mam artery 
of the tail 


prognostic purposes, such classifications are indispensable For purposes of 
therapy, however, — unless one is content with a nihilistic or defeatist approach 
to the problems — , such catalogues are either too cumbersome or, since they 
emphasize etiology alone, ignoring the pathologic physiology involved in these 
disease processes, too complex to be of any great value as therapeutic guides 
We have found it advantageous, therefore, to regroup and greatly simplify the 
classification of diseases of the peripheral vascular tree as follows (Table IV) 
It IS obvious that such a classification, based as it is upon the pathologic 
physiology involved in the peripheral vascular disturbance, cuts rather sharply 
across the standard classification of such diseases It is constructed as a 
therapeutic rather than an academic guide, and is intended to be an adjunct 
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to, rather than a substitute for, the customary classification of peripheral 
vascular diseases 

Our experience during the past ten years has demonstrated that Group IV 
13 composed in great part of those patients who originally belonged in 

Tablv IV 


CLASSIFICATION 


Group I 
Group II 


Group III 

1 i 

Group IV 


Primary vasomotor disturbances 
A Raynaud s syndrome 

Primary structural vascular diseases with secondBry vasomotor disturbances 
A Thrombo-angiitis obliterans 
B Arteriosclerosis obliterans 
C Acute arterial occlusions 
D Chronic long-standing phlebitis 

Pnmaiy' vasomotor disturbances with secondary structural vascular changes 
A Raynaud s s> ndrome with trophic changes in digits 
Primary and predominantly structural vascular diseases 
A Advanced arteriosclerosis obliterans 



Pig 4- — Cross section of tail (200 x) Area of thrombophlebitis The thrombus, the 
walls of the vessel, and the perivenous tissues are invaded with polymorphonuclear 
leukoc> tes 


Group II but in whom the organic lesion has progressed to the point o£ 
involving piactically the entire arteriolar bed of the involved extremity 
01 extremities, thereby, so completely dampening the effective operation of the 
autonomic vasomotor control mechanism as to render its influence negligible 
These patients, ve feel, should be eliminated promptly from the present dis- 
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cussion by the frank admission that we have failed in treating them with this 
or any other form of therapy to help them either subjectively or objectively 
On the other hand, Group III patients represent, for clinical purposes, an 
extension of and exaggeration of the phenomena observed among patients 
composing Group I Their segregation into a special class is warranted only 
by the quantitative difference in the problem presented We have preferred 
to discuss all such patients under the single heading of Group I Furthermore, 
in concert with most present day clinicians, we have felt that efforts to sub- 
divide primary vasospastic disturbances into numerous “named” diseases 
are both confusing and at variance with current opinion concerning the 
pathologic physiology involved in these syndromes As a generic term we 
have made use of the appellation “Raynaud’s syndrome ” 

In 1940, we submitted the first report of our experience with patients 
belonging in Group II In that discussion, we limited ourselves to patients 
suffering from active inflammatory disease of the peripheral vascular tree 
Even before that time, however, our own experience corroborated that 
reported by other clinical investigators, namely, that in the majority of 
cases of early and moderately advanced degenerative arterial disease the 
influence of the vasomotor mechanism was far from negligible It is im- 
possible, in the time available, to adduce the accrued evidence in support of 
this thesis except by bibliographic reference Suffice it to say here, that 
the significant role played by the vasomotor mechanism in degenerative 
disease of the peripheral arterial tree is today a well established and accepted 
clinical entity It would be superfluous, also, to elaborate upon the profound 
role played by the vasomotor control mechanism in acute arterial occlusion 
The subgroup designated “chronic long-standing phlebitis” requires some 
explanation By definition, we have included in this category only patients 
whose phlebitis is of more than one year’s duration In many instances, 
the process had been present for upwards of ten years By definition, also, 
we have included only patients m whom the inflammatory process was recur- 
rently* active Such patients experienced intermittent episodes of pain, 
burning, and a sense of heaviness in extremities which were chronically swollen, 
indurated, discolored and in many instances ulcerated This excludes, on 
the one hand, recent, acute thrombophlebitic or phlebothrombotic processes, 
and, on the other, the phlegmasia of old phlebitic processes in which active 
inflammation was no longer a factor We feel that we are not alone in the 
belief that, in such patients as are herein classified, the element of vasomotor 
imbalance is a not inconsiderable one ° 

On quite a number of patients in each group, we have made repeated 
instrumental vasomotor studies, using both the elaborate technic of alternation 
of total environmental temperature conditions, as well as the simpler and 
more practical vasomotor index tests of Coller, and of Landis In those 
patients on whom such studies were made, we found both before and after 
the use of estrogens, the tests, in great part, paralleled the clinical picture 
Because, however, of the very narrow margin between peripheral circulatory 
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competency and mcompetency m many of the patients with primarily organic 
arterial disease, evaluation of the changes found by vasomotor test has been 
extremely difficult And in view of the sharp clinical alterations observed 
we have felt justified in omitting from the present brief discussion, data 
relative to these tests 

The form in which estrogenic substances have been used has varied over 
the ten-year period as the field of choice has widened with the successful 
synthesization of estrone and its esters At first we used estrone as theelin, 
initially in aqueous solution, later m oil, and more recently as an aqueous 
suspension When a-estradiol was introduced, we tried it m the form of its 
benzoate ester, both as Ben-ovocylm (Ciba) and as Progynon B (Schermg) 
Neither of these seemed to be quantitatively satisfactory from clinical observa- 
tions With the development of a-estradiol dipropnonate, however, at the 
advice of and with the most generous cooperation of the Ciba Corporation, 
we changed to this substance (Di-Ovocylin) The results were most gratify- 
ing and for the past two years we have used it exclusively in the treatment 
under discussion Dosage has been empirical and individual For the most 
part, we have found the minimal effective dosage to be o 5 mg given three 
times weekly for a period of eight weeks In quite a few instances, however, 
It was necessary to increase this to i o mg given at the same interval In 
retrospect, moreover, we feel that the cases hereinafter reported as failures 
might have benefited by the use of larger dosage such as 2 5 or 5 o mg 

Such large amounts, however, m the light of our present knowledge, cannot 
be used without great caution With women in particular, we found it 
necessary to be more cautious, because of the primary effect of estrogens 
upon the genital organs It should be noted, however, that in women still in 
active menstrual life, suffering from vasomotor imbalance, there is almost 
always a pronounced tendency to hypomenstrual function, with the result 
that the critical range of tolerance in the administration of estrogens to these 
women is really much wider than might be anticipated By w^ay of caution, 
how^ever, we have limited our initial trial dosage in women prior to menopause, 
to I o mg three times w^eekly, increasing this only in rare instances The 
customary precautions regarding the breasts and genitalia, were observed 
here as in any administration of estrogenic substance for any purpose In only 
one instance was a serious complication encountered In that patient it was 
impossible to control increasing attacks of severe angiospasm with doses small 
enough to avoid serious menorrhagia Ultimately, w'e removed her uterus 
transvaginally, and following her uneventful recovery, continued to use 
estrogen at an adequate level The uterus failed, on minute gross and micro- 
scopic examination, to reveal any evidence of malignant change 

This report extending over the ten years ending January i, 1944, in- 
cludes 345 patients, distributed as m Table V A few additional comments 
should be appended to the data contained m that analysis Group i-A 
includes 13 women long past their menopause, in whom the vasospastic 
phenomena developed quite suddenly and progressed with unusual rapidity 
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Table V 
analysis of data 


Total Number of Patients 345 


Total Patients 


Group 1 

Raynaud s syndrome 163 

Group II 

Thrombo-angiitis obliterans 34 

Arteriosclerosis obliterans 48 

Acute arterial occlusions 26 

Chronic long standing 

phlebitis 74 


Males 

Females 

Age Range 

Average Age 

66 

97 

14-67 

37 years 

34 

0 

22-47 

37 years 

35 

13 

42-83 

58 years 

20 

6 

24-67 

52 years 

18 

56 

23-69 

40 years 


In them, the response to estrogen therap}^ was gratifyingly prompt and, appar- 
ently, complete This category (Gioup I-A) contains, also, six patients in 
whom severe trophic changes had occurred m the fingers (Group III) 
Group II-B requires fuither comment In these patients, most of them 
past middle age, whose disease involved the lower extremities, every effort 
was made to provide satisfactory static correction of the feet, before the 
present therapy was instituted In about 33 per cent of all patients of this 
(45'“7®) seen, such orthopedic correction of the feet eliminated 
the patient’s symptoms Such patients w^ere not included in this series It 
should be noted, however, that while such correction apparently did not give 
subjective relief to the patients included in the present report, when such 
correction was omitted, the amount of estrogen necessary to be effective 
was noticeably greater, and vice veisa In all instances meticulous hygiene 
01 the extremities, particularly the feet, was instituted and its observance 
by the patient insisted upon 


Table VI 

END RESULTS 


Unsatisfactory 


Group 1 

Raynaud s syndrome 
Group II 

Thrombo-angiitis obliterans 
Arteriosclerosis obliterans 
Acute arterial occlusions 
Chrome long standing phlebitis 


Satisfactory No 

2 

160 1 

4 

29 1 

48 0 

24 2 

69 5 


Other Therapy 

Sympathectomy 

Unknown 

Amputations 

Unknown 

Amputations 

Unknown 


Table VI summarizes the results of estrogen therapy in these 345 
patients Necessarily, the significance of the designation “satisfactory,” varies 
with the groupings Briefly, the criteria used in determining a satisfactory 
result were as follows 

1 Raynaud’s Syndrome Cessation of episodes of “local syncope”, 
termination of activity in trophic lesions, wdien present, return of the in- 
volved extremities to normal coloi, texture, and local temperature, cessation 
of sensory disturbances , and ability of the individual to withstand cold w eather 
without abnormal changes in the involved extremities 

2 Thrombo-angiitis Obliterans Tennination of activity of the inflam- 
mator}^ process when present , freedom from recurrences for not less than tu 0 
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}'ears, or, at least, the ability to aboit an incipient attack by the piompt admin- 
istration of estrogen therapy 

3 Arteriosclerosis Obliterans. Elimination of mteimittent claudication, 
painful feet, subjective coldness of the feet, and, when present, cessation of 
gangrenous processes involving the toes, without further spread. 

4 Acute Arterial Occlusion All these patients were tieated with passive 
vascular exercise, in addition to the admimstiation of estrogenic substance 
The term “satisfactory result" indicates here that m comparison to a similar 
gioup treated with Pavaex alone, theie was, in these patients, a reduction of 
approximately 50 per cent in the time lequired for the involved extremity to 
leach a safe level of circulatory efficiency 

5 Chronic, Long-standing Phlebitis* Cessation of pain and discomfort, 
healing of all ulceration and deimatitis, elimination of all discoloration except 
permanent pigmentation of the skin, disappearance of biawnmess and indura- 
tion of tissues, and an appreciable reduction m swelling of not less than six 
months’ duration We have never been able to eliminate all such edema 

As suggested heretofoie, we suspect that some of our failures might 
have been avoided, had we been willing at that time to use larger doses of 
Di-Ovocylin Such a conjecture obviously does not apply to the two cases 
ot acute occlusion, nor to the five cases of chronic phlebitis 

SUMRIABT 

The experimental background for the clinical use of estrogenic substances 
in the treatment of peripheial vascular disease is presented 

A series of 345 patients, so tieated ovei the past ten years is presented, 
and the results analyzed 

In all these patients vasomotor disturbances played either a primary or 
at least a major secondary role 

The results of these clinical studies indicate, we believe, that in estrogenic 
substances, we have a powerful therapeutic agent for the treatment of periph- 
eral vascular disturbances in which there is a significant component of vaso- 
motor imbalance 
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Discussion — Dr Louis G Herrmann, Cincinnati, Ohio In the management of 
circulatory disturbances in the extremities we must not lose sight of the fact that 
many of the serious complications are the direct result of the severe secondary vasospasm 
We believe that excessive smoking, especially in young women, is largely responsible 
for the increase in the incidence of serious vasomotor instability m the extremities 
The circulatory disturbances which are associated with severe peripheral vasospasm 
picsent important therapeutic problems and whenever we disregard the early signs and 
symptoms of this syndrome we simply encourage the development of the more serious 
^equelae, such as trophic and ischemic changes m the digits 

We are convinced that these patients must abstain from the use of tobacco in all 
forms if permanent benefits are to be expected 

Vasodilating drugs, with the exception of alcohol, are of little therapeutic value 
and sympathectomy should be reserved for the severe varieties of the Raynaud syndrome 
which do not respond to conservative treatment 

The prolonged vasodilatation which results from intramuscular injection of synthetic 
estradiols, through their liberation of an acetychohne-like substance m the tissues, has 
provided us witn an effective means of controlling peripheral vasospasm 

The method of treatment which Doctor McGrath has described does not displace 
any of the accepted methods of treating the primary cause of vasospasm, and we present 
these data simply to support the contention that the synthetic estrogens are valuable 
adjuvants in the management of primary and secondary vasro-pasm m the extremities of 
both men and women 
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We wish to present a modification of the King^ operation for bilateral 
cord paralysis As is the case m most original contributions, others have 
found difficulty m fulfilling all the principles laid down by the author, even 
after numerous dissections of unembalmed cadavers in the anatomical labora- 
tory We believe that all credit should go to King for his contribution m this 
field, and m no way wish to detract from his work in this presentation, 
merely to present a modification which we believe simplifies his procedure 
Eleven cases have been operated upon employing this modification The 
diagnosis of bilateral cord paralysis has been corroborated by the laryngologist 
in all cases It is not the purpose of this paper to discuss symptomatology 
or diagnosis of the bilateral paralysis of the vocal cords All the cases 
reported followed thyroidectomy, and m three cases two thyroidectomies 
had been performed 

The operation to be described has been carried out under sodium pentothal 
local anesthesia Tracheotomy has been performed m those cases not already 
canalized at least five to 14 days before the plastic operation This depends 
upon the patient’s adjustment to the tracheotomy tube and the degree of irri- 
tation it produces We have utilized a lov transverse incision for the insertion 
of the tracheotomy tube because it interferes less with the second stage, or 
plastic procedure, and also for cosmetic reasons 

The patient is placed with head in hyperextension and in a position that 
the laryngologist can readily visualize the larynx by direct laryngoscopy when 
the cord is abducted The tracheotomy tube is removed and, after preparation 
of the neck, a sterile tracheotomy tube is placed m the trachea Continuous 
oxygen is administered through a sterile catheter inserted in the trache- 
otomy tube 

A transverse incision is made at the level of the middle third of the 
thyroid cartilage and the flaps dissected upward and downward The fascia 
and preglandular muscles are divided longitudinally to either side of the 
midhne depending on which side is to be approached The dissection is 
carried down to the lateral wing of the thyroid cartilage (Fig A) A 
portion of the superior pole of the thyroid, with scar tissue, is usually en- 
countered at this step and will require resection with control of the superior 
thyroid vessels 

The thyroid cartilage is now rotated medially with a hook retractor 
This exposes, and puts on tension, the inferior constrictor of the pharynx 

* Read by title before the American Surgical Association, May 3 - 4 , 1944 , Chicago, 111 
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(Fig B) The cnco-arytenoid joint is readily palpated through the inferior 
constrictor muscle An incision is made through the constrictor muscle at 
the level of the crico-arytenoid joint (Fig. C) 

The joint capsule is now opened, using a No 15 Bard-Parker knife 
(Fig D) In the patient with bilateral cord paralysis the space between 
the articulating surfaces of the cricoid and arytenoid cartilages is definitely 
widened A dural hook is placed in the arytenoid cartilage and the capsule of 
the joint further divided laterally and posteriorly (Fig E) The mucous 
membrane posterior to the cartilage at the pyriform fossa is displaced by 
blunt dissection This exposes the muscles on the posterior surface of the 
arytenoid cartilage (Fig F) The separation of these stiuctures on the 
posterior surface is not complete until the tip of the arytenoid cartilage is seen 

Two alloyed steel wire (No 35) sutures are placed through the arytenoid 
cartilage using a No 4 Lane cleft palate needle (Fig G) The first suture 
IS placed about 3 Mm above the articulating surface of the arytenoid cartilage 
and the second similar distance above the first (Fig G) The articulating 
surface of the arytenoid cartilage is then removed by curved scissors (Fig F), 
using the sutures to control the cartilage Care must be exercised in the 
insertion of the sutures, as many of these cartilages are quite friable If 
the cartilage is friable the sutures may be passed around the cartilage The 
sutures are then threaded on a heavy sharp-cutting edged needle and passed 
through the lateral wing of the thyroid cartilage at the level of the crico- 
arytenoid joint (Fig H) 

The thyroid cartilage is returned to its normal position and the 
sutures are drawn rather firmly but not tied The laryngoscopist estimates 
the relative position of the cords by direct laryngoscopy If the cord is not 
sufficiently abducted, greater tension may be applied to the sutures When 
satisfied that sufficient abduction of the cord is obtained the sutures are 
tied (Fig I) Recheck of their position by the laryngologist after tying 
the sutures assures a satisfactory result The resection of the articulating 
surface of the arytenoid cartilage facilitates placing the cord in abduction 
The opening in the inferior constrictor muscle of the pharynx is closed with 
mattress sutures of No 000 chromic catgut A Penrose dram is placed to 
this level and the wound closed m layers with similar suture material Clips 
are used to close the skin 

The postoperative course is usually complicated by difficulty in swallowing 
due to the edema m the region of the pyriform fossa and the cord This 
usually subsides within four to five days The tracheotomy tube may be 
plugged, or corked, for progressively longer periods after the edema subsides 
We have removed the tracheotomy tube as early as the sixth postoperative 
day The average time has fieen 107 days for the permanent removal in 
all cases Several patients have been discharged with their tracheotomy tube 
because of their anxiety state when the tube remained corked All patients 
except one are actively engaged in their daily work without their tracheotomy 
tube The patient who still has her tube had previously been operated upon 
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elsewhere, and the King procedure performed She has not had complete 
relief, although after the operation the tracheotomy tube was removed and 
the patient experienced difficulty in breathing only when she was in the 
prone position 

The voice m all cases but two is good and in both of these is improving, 
one undei voice training The latter two patients were operated upon for 
coirection of their bilateral cord paralysis less than a year after thyroidectomy 
VVe believe that the compensatory action of the false cords has not had 
sufficient time to develop in these two patients, thus, accounting for their 
poor voices Furthermore, we believe that the plastic operation should not 
be attempted too early following thyroidectomy We now follow the rule 
of waiting at least one year It may be possible to see partial recovery of 
one cord during this period — and the operation not necessary An adequate 
air-way has been obtained in all but the one case referred to above These 
patients have been observed from six months to five years after permanent 
removal of the tracheotomy tube It is of interest that all the patients with 
an adequate air-way following the operation have developed a rather definite 
hypothyroidism This varies m degree but responds to thyroid therapy The 
sincere gratitude of these patients, as King has stated, is like none encountered 
m any other group of patients This is particularly true of the patients who 
have worn a tracheotomy tube for yeais 

CONCLUSIONS 

We have presented a modification of the King operation for bilateral 
vocal cord paralysis We believe the procedure warrants consideration be- 
cause First, its simplicity, second, one side provides sufficient and adequate 
air-way for removal of the permanent tracheotomy tube, and third, sufficient 
time has elapsed to evaluate the procedure 

We wish to thank Dr T B McCullough, of the Department of Otolaryngology, 
for his invaluable help in these operations 
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CONGENITAL ATRESIA OF THE ESOPHAGUS WITH 
TRACHEOESOPHAGEAL FISTULA=>^ 

RECONSTRUCTION OF ESOPHAGEAL CONTINUITY BY PRIMARY ANASTOMOSIS 

CajiIeron Haight, M D 

Anst Arbor, Mich ^ 

FROM THE DEPARTMENT OF SURGERY, UNIVERSITY OF MICHIGAN MEDICAL SCHOOL, ANN ARBOR, MICH 

In the anomaly of congenital atiesia of the esophagus, a dysplasia that 
IS more extensive than an atresia is found at a level corresponding to the 
junction of the upper and middle thirds of the esophagus The upper portion 
of the esophagus ends as a blind pouch m almost all instances The upper end 
of the lower esophageal segment usually enters the trachea, thus forming a 
tracheoesophageal fistula , this occurred m 29 of the 32 patients m this series 
The condition is incompatible with life, as feedings can not enter the stomach 
Furthermore, the feedings and accumulated secretions m the blind uppei 
segment overflow into the trachea, and death soon results from aspiration 
pneumonia The surgically ideal plan for the correction of the anomaly is 
one that accomplishes ligation of the fistula and reestablishment of esophageal 
continuity by a primary anastomosis of the esophageal segments This 
article will be concerned primarily with the anatomic problems and surgical 
experiences that have been encountered in 24 patients for whom an exploration 
of the anomaly was undertaken Reconstruction of the esophagus was ac- 
complished m 16 patients, of whom six are now living from seven months 
to three years and one month after operation 

the anatomic problem 

The suspicion of a congenital obstruction of the esophagus is aroused 
by attacks of choking, dyspnea and cyanosis on attempts to swallow fluids 
An actual obstruction of the esophagus can be demonstrated by the inability 
to pass a catheter into the stomach To be certain that the obstruction is 
complete, iodized oil is given by mouth under fluoroscopic observation. A 
dilated blind upper esophageal segment, terminating usually at the level of 
the second or third dorsal vertebra, is then evident In all the 32 cases m this 
series, the upper segment ended as a blind pouch In an additional recent 
case of tracheoesophageal fistula without esophageal artesia, the esophageal 
lumen was patent and of normal caliber, but a fistulous communication was 
present between the trachea and the esophagus 

In the presence of a verified complete obstruction of the upper esophagus, 
the existence of air m the stomach is indicate e of a communication between 
the lower esophageal segment and the trachea or a bronchus Air was noted 

*Read before the American Surgical Association, May 4, 1944, Chicago, III 
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in the stomach or intestines in 26 of the 31 cases studied by roentgenologic 
examination, and air was present m the stomach before operation in 20 of 
the 24 patients for whom a thoracic exploration was undertaken An anasto- 
mosis was performed in 15 of the patients with air in the stomach and could 
have been performed readily in another similar case, thus demonstrating the 
fact that an anastomosis was possible in 80 per cent of the patients in whom 
the diagnosis of a tracheoesophageal fistula could be made by the preoperative 
1 oentgenologic examination 

The absence of air in the stomach is suggestive, but not necessarily diag- 
nostic, of an absence of a tracheoesophageal fistula Of the five patients 
without air in the stomach two patients had a small but patent fistulous 
communication between the lower esophageal segment and the trachea In 
another patient, the exact condition of the lower segment could not be 
ascertained as surgical exploration was not performed and a postmortem 
examination was not made The two remaining patients had an actual 
agenesis of the esophagus, in that the lower segment of the esophagus extended 
for only about i 5 cm above the level of the diaphragm Operation was 
performed in four of the five patients without air m the stomach and an 
anastomosis was possible in only one case (25 per cent) 

The absence of a tracheoesophageal fistula can also be determined by 
bronchoscopic examination, as advised by Shaw A preoperative diagnostic 
bronchoscopic examination has not been ‘undertaken in this clinic as yet, 
because it has been believed that the final criterion for operability depends 
upon the result of surgical exploration of the anomaly It has been definitely 
established that a fistula was absent in only two of the cases, both were 
operated upon recently and in both there was agenesis of the lower esophageal 
segment In view of this correlation, it would appear that the absence of a 
fistula which is suspected by the absence of air in the stomach and which 
could be confirmed by bronchoscopy, is highly suggestive that an anastomosis 
cannot be done 

The diameter of the upper esophageal segment is usually between i 2 
and 15 cm Although the diameter has been slightly less than i cm in several 
instances, it has always been of ample size to permit an anastomosis The 
length of the upper segment is of greater significance than its diameter, as 
a short upper segment may interfere considerably with the performance of 
an anastomosis If the upper segment is short, and if the lower segment 
leaches only to the tracheal bifurcation or to a main bronchus, the difficulties 
are augmented The gap between the two segments has usually varied 
between i 5 and 3 cm before an attempt has been made to approximate them 
Partial muscular continuity of the two segments without any separation 
between them has been present, however, in five of the 24 patients for whom 
an exploration was performed In these cases the muscular attachment was 
divided and the fistula was ligated at a high level before making the 

anastomosis , r , 

An unusually narrow diameter of the lower segment, a short length of the 
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lower segment (agenesis), and a lo wposition of the tracheoesophageal 
fistula have been the impoitant factois in preventing an anastomosis from 
being made m six of the seven patients for ivhom an anastomosis could not 
be performed The diameter of the lower segment is usually betu een 5-7 Mm 
In two cases the diameter was so small (3-4 Mm ) that it was technically 
impossible to construct an anastomosis In the t\NO cases of actual agenesis 
of the lover segment, the lover segment extended for such a short distance 
above the diaphragm that it could not be found within the field of operation 
(Fig 2) 

The lover margin of the tracheoesophageal fistula is most often situated 
about o 5 to I o cm above the tracheal bifurcation When the lower segment 
is short and the tracheoesophageal fistula is present at the level of the tracheal 
bifurcation, or if the lov er segment enters one of the mam bronchi, the chance 
of obtaining a satisfactory anastomosis has been less than when the lower 
esophagus enteis tlie trachea at a higher level In two of the six cases 
for vhich an anastomosis could not be done, the fistula was located lower 
than usual In one of these patients the lower segment extended directly 
downward from the tracheal bifurcation, and in the other case it arose 
from tlie right main bronchus It was possible, however, to complete an 
anastomosis in another patient in wdiom the fistula arose from the right stem 
bronchus In new of this case, it may be seen that the preoperative deter- 
mination of a low position of a fistula, as might be determined by bronchoscopy, 
does not definitel)^ exclude the possibility of an anastomosis It is believed, 
therefore, that an explorator}^ operation offers the final criterion regarding 
the possibility of a satisfactory reconstruction of the esophagus in those 
cases in which the presence of a tracheoesophageal fistula is evident from 
the fact that air is seen in the stomach The se\enth patient for whom an 
anastomosis was not done died as a result of injury to the aorta before the 
lower segment could be identified 

THE SURGICAL PROBLEM 

The surgical problem is essentially a threefold one involving the 
correction of the esophageal obstruction so that aspiiation pneumonia will 
not occur, ligation of the tracheoesophageal fistula so that gastric contents 
can not enter the trachea, and the provision of some means for feeding the 
infant The early attempts to treat this condition surgically have been dis- 
cussed in a previous communication ® Gastrostomy alone failed because of 
regurgitation of the gastrostomy feedings into the trachea Various methods 
have been employed for interruption of the lowei esophageal segment in con- 
junction with, or supplementary to, gastrostomy 

These methods have largely been supplanted by two plans that are now 
fairly w^ell standardized, insofar as surgical principle is concerned 

One plan, the indirect approach, consists of a three-stage procedure, i e , 
(i) extrapleural ligation of the tracheoesophageal fistula, (2) exteriorization 
of the upper esophageal segment, and (3) gastrostomy This plan, which has 
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been used successfully by Leven/- 13. 14 L^dd.^ and Humphreys/ anticipates 
the construction of an antethoracic esophagus at a later date so that feedings 
can eventually be taken by mouth A modification of this plan has been sug- 
gested by Carter^ and has been employed successfully by Nettrour The 
indirect plan was proposed^^ because it was believed that the operative mortality 
could be kept low by staging the operations and by avoiding the extensive 
extrapleural procedure that would be required by a primary reconstruction of 
the esophagus Although it is logical to believe that this advantage should 
hold true, the three patients for whom the indirect method was begun in this 
clinic, died before the upper segment was exteriorized The method was used 
by election m one of the early cases (Case 7) and by necessity m two 
subsequent cases (Cases 25 and 32) Had the upper segment been exteriorized 
without delay, the chance of success would probably have been greater The 
indirect plan is, however, essential for the maintenance of life if the anatomic 
conditions are such that a primary reconstruction of the esophagus can not 
be done 

The other plan, a direct approach to the problem, consists of a reconstruc- 
tion of esophageal continuity by a single stage extrapleural ligation of the 
tracheoesophageal fistula and a primary anastomosis of the esophageal seg- 
ments The direct plan of primary anastomosis was suggested in principle 
by Kieth® in 1910 The first reported operation of this type was described by 
Shaw in 1939, who also mentions a case m which the same technic was 
employed by Samson Lanman^^ had previously employed this procedure 
m four cases m 1936 and 1937 The first successful application of this plan 
was reported by Haight and Towsley^ in 1943, and the patient is now living 
three years and one month after operation The operation of primary 
anastomosis has subsequently been used successfully in five additional patients 
in this clinic, and all of the living patients are able to swallow through the 
reconstructed esophagus Shaw,-® Ladd,® Humphreys,'^ and Daniel® have 
also mentioned the successful use of this method 

The reconstruction of esophageal continuity by primary anastomosis repre- 
sents the ideal surgical principle in the correction of the anomaly in that it 
allows the infant to swallow normally Feedings by mouth can be started 
soon after the operation If leakage of the anastomosis does not result in 
an external esophageal fistula or a recurrence of a tracheoesophageal fistula, 
further operations are avoided The operative procedure is one of consider- 
able magnitude for a new-born infant, but the infants have been able to 
withstand the operation considerably better than might be expected The 
anatomic findings at the time of the operation will not always permit an 
anastomosis An anastomosis was found to be possible, however, in 17, 
or 70 8 per cent, of the 24 patients for whom an exploration was performed 

*This patient was living and well at the age of two years and ten months The 
antethoracic esophagoplasty has not as yet been performed (Personal communication 
from Dr C J Stoecklein, Pittsburgh, Pa, June ii, I944 ) 

628 



■Volume 120 
Number 4 


ATRESIA OF ESOPHAGUS 


and It was possible m i6, or 8o per cent, of the 20 patients who had air in 
the stomach 

The technical objection to the plan of primary anastomosis results from 
the fact that tension is invariably present at the site of the anastomosis Tension 
occurs primarily because of the gap that often has to be overcome when the 
two segments are approximated Less important causes of tension are the 
normal contractility of the longitudinal musculature of the esophagus and 
the normal mobility of the two esophageal segments Observations during the 
preoperative roentgenoscopic examination, as well as during operation in the 
first several patients when local anesthesia alone was employed, have shown 
that the upper segment is displaced upward during swallowing, straining or 




Fig 3 Fig < 

Fig 3 — The mobility of the -upper esophag:us that is seen during roentgenoscopic examination 
IS indicated by the position of the solid and dotted lines Solid line indicates position of the upper 
esophagus during the expiratory phase of respiration and during straining and crying -with their 
attending increase in intrathoracic pressure, dotted line indicates position of upper segment during 
inspiratory phase of respiration Because of the mobility of the upper esophagus, roentgenoscopic 
observation allows a more accurate estimation of the position and length of the upper segment than does 
the roentgenographic examination 

Fig 4 — Tension unavoidably occurs at the site of the anastomosis because of (i) the gap that 
usually must be overcome when the two segments aie united, (2) the ascent of the upper esophagus 
during siv allowing, crying and the expiratory phase of respiration, (3) the descent of the lower 
esophagus during the inspiratory phase of respiration, and (4) the normal contractility of the longi 
tudinal musculature of the esophagpis 

crying (Fig 3) The lower segment is normally pulled downward during 
the inspiratory descent of the diaphragm Even though tension is not 
apparent when the patient is under general anesthesia during the operation, 
it is logical to assume that the mobility of the two segments exerts tension 
upon the anastomosis during the postoperative period (Fig 4) 

The weak tensile strength of the wall of the underdeveloped lower segment 
is a further technical disadvantage of the direct plan The tensile strength 
of the lower segment is influenced by its diameter and the thickness of its 
wall Usually the thickness of the wall varies in proportion to the diameter 
In some instances the wall is so extremely thin and delicate that the anasto- 
mosis IS constructed with considerable difficulty The weak tensile strength 
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of the lower segment makes advisable m all cases the complete relaxation 
that is obtained by general anesthesia, so as to permit the segments to be 
approximated as leadily as possible Otherwise, there is considerable likeli- 
hood that the sutures will pull through the wall of the lower segment during 
the construction of the anastomosis 

The vascular supply of the uppei segment has appeared to be adequate m 
all cases The blood supply of the lower segment is less well developed, 
and there may be a question concerning its adequacy in some cases For 
this reason the lowei segment is freed from the adjacent tissues only for 
the minimal distance necessary for its tiansection A No 8 -F catheter, 
over which the anastomosis is constructed, is removed after completion of 
the anastomosis, as the catheter may distend the lower segment, if particularly 
narrow, and so pioduce ischemic neciosis 

PREOPERATIVE TREATMENT 

The extent of the preoperative treatment depends upon the general condi- 
tion of the patient and the pneumonic complications that may alieady have 
occurred The estimation of the pulmonar}' status is a matter of immediate 
concern and should be carried out as soon as the patient is admitted to 
the hospital If the infant is cyanotic, mucus should be aspirated from the 
pharynx and oxygen therapy should be started promptly During the 
initial examination, the lung fields will ordinarily show numerous coarse 
rhonchi resulting from bionchial secretions The rhonchi will usually dis- 
appear after the aspiration of mucus from the pharj-nx and the hyper- 
ventilation of the lungs that is induced by crying or struggling coincident 
with the aspiration Aspiration of secretions from the pharynx and upper 
esophagus should be done at fi equent intervals in order to prevent the overflow 
of secretion into the trachea and to induce hyperventilation so that accumu- 
lated secretions in the trachea and bronchi will be effectively expelled 

The pulmonary status is carefully determined by physical and loentgeno- 
logic examinations If a radiopaque solution has not previously been given 
to establish without doubt the presence of complete esophageal obstruction, 
it should be used in conjunction with the roentgenologic examination of the 
chest The infant is given about 1-2 cc of iodized oil to swallow A larger 
quantity of iodized oil should be avoided as it is likely to be aspirated into 
the trachea The position and length of the upper segment are particularly 
observed during roentgenoscopic examination The mobility of the upper 
segment during respiration is considerable and will usually coiiespond to the 
distance occupied by the vertical length of two or three dorsal vertebral 
bodies In subsequent film studies, the upper segment may appear to occupy 
a high position merely because the exposure of the film happens to have 
been made in the expiratoiy phase of respiration An apparently high upper 
segment, therefore, does not preclude the possibility of a satisfactory anasto- 
mosis At the conclusion of the roentgenologic examination, the iodized oil 
IS aspirated from the upper segment by means of a catheter 
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The position of the infant is of importance in lessening the possibility 
of pulmonary complications From the time that a diagnosis has been made, 
the patient is placed in the prone position with the foot of the bed elevated 
This position favors the diainage of oral secretions to the exteiior and 
lessens the tendency of aspiiation of phaiyngeal secretions The position 
is changed to the alternate lateral positions at frequent intervals to favor 
drainage from the upper lobes and thereby lessen the tendency for the 
development of an atelectasis of the upper lobes If pneumonia or atelectasis 
has occurred, the use of the alternate lateral positions is continued, but the 
unmvolved side is kept uppeimost for a greatei length of time than the 
uninvolved side While the involved side is uppeimost, the pharynx is 
aspirated to stimulate coughing and the expulsion of bronchial secietions 
Parenteral fluid consisting of a 3 oi 5 per cent solution of dextrose in 
distilled water is given piefeiably by the subcutaneous route The amount 
of fluid needed to coriect deh}dration, if piesent, wull necessarily depend 
upon the extent of the dehydration The amount needed to maintain the 
fluid balance should be considerably less than the calculated daily optimal 
amount for a noimal infant of the same a\ eight Noimal saline or Ringer’s 
solution should be avoided because of its sodium chloiide content If 
pneumonic consolidation has already occurred, sulfonamide therapy should 
be started by the subcutaneous route The need for blood or plasma trans- 
fusions before operation will depend upon the nutritional level of the infant, 
as evidenced by the number of da}S that have elapsed since birth A blood 
transfusion is ordinarily not given before operation, and its use is deferred 
until the time of operation Ascorbic acid and vitamin K are routinely 
employed as preoperative measures 

INDICATIONS FOR OPERATION 

A decision in favor of operation should be made as soon as the infant’s 
general condition is satisfactory^ If the lung fields are clear, the sooner the 
operation is undertaken, the less likely is the chance of a pneumonic complica- 
tion occurring to a degree sufficient to prevent operation Usually 6 to 12 
hours, and ordinarily not more than 24 hours, will be sufficient time to 
obtain the maximal beneficial response from the preoperative tieatment 

The decision regarding the advisability of operation is made on the 
basis of several criteria If infants are premature by more than two or three 
wrecks, it IS often questionable whether operation should be performed 
The size of the infant is another criterion, in that the larger the infant, the 
better is the chance that he will withstand the operation Operation should 
probably not be undertaken in infants whose birth weight is less than four 
pounds Those who are w^eak and listless, and who have a feeble cry or 
none at all, are more likely to develop pneumonic complications than strong 
infants wnth a good cry The decision regarding operation in weak infants 
may need to be defen ed until the response to general supportive measures 
IS know’n Cyanosis which persists after aspiration of mucus from the throat 

631 



CAMERON HAIGHT Annsls of surgery 

October 1914 

and after the use of oxygen therapy is a poor prognostic sign and is regarded 
at present as a positive contraindication to operation The body temperature 
IS of importance particularly in respect to dehydration or pneumonia When 
fever is present, it is preferable to defer operation until the temperature can 
be reduced to normal, or nearly normal, by treatment of the causative factor 

The presence or absence of pneumonia is one of the most important 
criteria regarding the advisability of operation, inasmuch as pneumonia is 
the chief cause of death in these patients An extensive bilateral pneumonic 
consolidation is a definite contraindication to immediate operation A smaller 
degree of involvement, particularly if limited to one upper lobe, does not 
necessarily preclude operation, provided that operation is performed on the 
side of the pneumonic process If a barium solution has inadvertently been 
used for roentgenologic diagnosis and if the barium entered the lungs and 
produced a pneumonic consolidation, the consolidation is likely to persist 
An early stage of pulmonary atelectasis usually responds to corrective 
measures and does not contiaindicate operation, particularly if the operation 
IS performed on the side of the atelectasis The difficulty is often one of 
determining whether atelectasis or pneumonia is the predominant pulmonary 
lesion Although physical and roentgenologic findings are helpful, the 
dififerential diagnosis may depend upon the rapidity of clearing of the lesions 
or the failure of the abnormal signs to clear by the use of posture, carbon 
dioxide and oxygen inhalations, and enforced crying or coughing Other 
congenital anomalies usually do not contraindicate operation, as the anomalies 
that are most likely to be encountered are ones that are compatible with life 

THE OPERATIVE APPROACH 

Ligation of the tracheoesophageal fistula and anastomosis of the 
esophageal segments can be performed through either a right or left extra- 
pleural approach In the 24 patients in this series for whom an exploration 
has been carried out, the left extrapleural approach was used m 12 and the 
right extrapleural approach in 1 1 In one patient operated upon early in the 
series, a right intrapleural approach was used before it was realized that 
the respiratory embarrassment would be considerably greater with an intra- 
pleural than with an extrapleural approach In the first cases m this series 
the left extrapleural approach was found to be satisfactory but in the more 
recent cases in this series, the right extrapleural approach has been used 
in preference to the left, because of the greater ease in obtaining the exposure 
of the lower esophageal segment 

The upper segment is readily exposed from either the right or left 
side The presence of the aorta on the left prevents the exposure of the lower 
segment until the aorta has been mobilized by ligation and division of the 
upper two or three intercostal arteries arising from it Forward, downward 
and mesial retraction of the aorta is then required to maintain exposure of 
the lower segment The pressure upon the aorta during its retraction 
necessarily reduces its lumen and even though the refraction is intermittent, 
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It IS believed that the retraction contributes to operative shock Wfth the 
right extrapleural approach, the azygos vein is divided and thereafter the 
exposure of the lower segment is not only better than with the left approach, 
but it IS more easily maintained 

As the pulmonary complication plays such an important role in the eventual 
outcome of the case, the side selected for the operation is now chosen according 
to the preoperative condition of the lungs (Fig 5) If both lungs are clear, 
the preferred right approach is elected If a pneumonic involvement is present 



A B 

Fig 5 — V L, Case 22 — (A) Roentgenogram on admission shows small degree of involvement 
of right upper lobe and extensive involvement of left upper lobe When the patient was turned to the 
right lateral poaition during the subsequent physical examination, reaeration of the left upper lobe 
occurred, demonstrating that the involvement of the left upper lobe was on the basis of atelectasis and 
not a pneumonia Roentgenogram (B) was made immediately after the physical examination and three 
liMrs after roentgenogram (A) The left upper lobe is now clear The infiltration in the right upper 
lobe which has persisted in spite of the use of the left lateral position during the physical examination 
IS probably pneumonic in nature Operation was undertaken one hour after roentgenogram (B) The 
right extrapleural approach was used because of the pulmonary involvement on the right An anastomosis 
was completed and the patient is now living 13 months after operation 

in one lung only, the operation is done from the corresponding side In this 
way the function of the good contralateral lung will not be impaired by the 
costal resections and the temporary postoperative extrapleural collapse of the 
upper portion of the lung The extrapleural collapse of the upper lobe appears 
at times to have a beneficial rather than a detrimental effect upon a mild 
pneumonic process within the collapsed upper lobe Also, if the pulmonary 
involvement is"' due to atelectasis, improvement of the atelectasis may be 
expected as the result of the uppermost position of the involved lung during 
the operation As an upper lobe atelectasis may occur before operation in 
spite of precautionary measures, the location of the atelectasis can be governed 

633 




CAMERON HAIGHT 


Annals of Surgery 
October 1944 


by the posture of the infant before operation If during the intervals when 
the patient is in the lateral position, the left lung is kept uppermost for 
a longer period than the right lung, the left lung can usually be kept clear 
Should an atelectasis develop, it would be likely to occur on the right side 
and thereby the preferable right-sided approach could be employed 

OPERATIVE TECHNIC 
RIGHT EXTRAPLEURAL APPROACH 

The neck is shaved posteriorly up to the external occipital protuberance 
The preoperative medication of codeine and atropine is adjusted to the 



Fig 6 — The right extrapleural exposure of the anomaly is illustrated The posterior portions of the 
third, fourth and fifth ribs have been resected and the parietal pleura has been freed from the thoracic 
wall The azygos vein has been divided in order to expose the lower esophagus The dilated blind 
upper segment has been partially freed from the posteiior wall of the trachea The relative size of 
the upper and lower esophagus, and the usual position of the tracheoesophageal fistula are shown The 
right vagus nerve serves as a useful guide for locating the lower segment 

weight of the infant As a satisfactory means for blood replacement is 
essential, a cannula is inserted in an ankle vein on the side opposite to the 
side of the operation The size of the cannula (Nos 22 F or 24 F ) depends 
upon the size of the vein Between 100 and 150 cc of whole blood, diluted 
with an equal amount of physiologic saline or Ringer’s solution, is given 
during the operation and the first several hours after operation Although 
the saline or Ringer’s solution is undesirable because of its sodium chloride 
content, a diluent has been employed so that the blood wilf flow through 
the small cannula 

The patient is secured to a frame and external heat is applied After 
preparation of the skin, the location of the incision is indicated by a cutaneous 
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scratch before the application of the sterile drapes Without this precaution, 
the laxity of the skin ma)' be responsible for an incorrect position of the 
incision Local anesthesia consisting of one-half of one per cent procaine 
solution or one-quarter of one per cent metcycaine hydrochloride solution 
IS used until the costal resections are begun Light ether anesthesia by 
the drop method is used during the remainder of the operation An infant- 
sized face mask for administration of positive pressure oxygen should 
be available for use in the event that the parietal pleura is inadvertently opened 
The incision parallels the lateral border of the sacrospinahs muscle and extends 
from the second to the sixth ribs, inclusive Careful hemostasis is essential 
The trapezius and rhomboideus major muscles are incised, and the sacro- 
spinahs muscle IS retracted mesially The third, fourth and fifth ribs are 
resected subperiosteally from the plane of the transverse processes to a 
point above i o-i 5 cm lateral to the angles of the ribs The third and fourth 
intercostal nerves and muscles are divided close to the transverse processes, 
and the corresponding intercostal vessels are doubly ligated and divided The 
periosteum of the resected ribs is incised vertically and the extrapleural 
separation of the parietal pleura is begun A small periosteal, or dural, elevator 
allows the extrapleural separation to be done under direct vision The fibers 
of the endothoracic fascia hold the pleura tightly to the intercostal muscles 
between the heads of the ribs These fibers must be carefully divided under 
direct vision to prevent the extremely thin parietal pleura from being torn 
at this stage of the operation During the furthei separation of the parietal 
pleura from the costovertebral gutter, a small gauze pledget, secured m the 
jaws of a hemostat, is used as a dissector A spatula retractor is used to 
hold the parietal pleura out of the costovertebral gutter and to maintain 
exposure The arch of the az3rgos vein is exposed The parietal pleura im- 
mediately beneath it is especially thin and is in particular danger of being 
punctured or torn The azygos vein is ligated centrally with two doubled 
silk ligatures The mam trunk of the azygos vein below the entrance of 
the highest intercostal vein is singly ligated, the highest intercostal vein is 
similarly ligated and the azygos vein is divided central to the entrance of 
the highest intei costal vein In the earlier cases in this series, an illuminated 
retractor was employed, but it is cumbersome in the small operative field The 
innominate artery may be exposed at times, but if the operative field is 
limited to the posterior mediastinum, it is usually not visualized 

The areolar tissue posterior to the trachea is infiltrated with a local 
anesthetic solution to prevent untoward vagal reflexes and the vagus nerve, 
if seen, is also blocked The upper esophageal segment is searched for in 
the loose areolar tissue posterior to the trachea If the upper segment has a 
low position. It IS usually found without difficulty If it is not promptly 
seen, a catheter is introduced into the mouth by the anesthetist and advanced 
into the upper segment Gentle pressure upon the catheter pushes the upper 
segment downward where the tip of the catheter may be felt within the upper 
segment The areolar tissue is then freed from the upper segment and a 
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tension suture is inserted in the blind end If the upper segment is unusually 
short, It may be necessary to resect the posterior portion of the second rib and 
to divide the second intercostal structures in order to obtain adequate exposure 
of the upper segment 

The lower esophageal segment is usually found without difficulty when 
It arises at a point between i and i 5 cm above the tracheal bifurcation 
It the lower segment is not readily identified, the prominent right vagus 
nerve can often be seen on the right lateral wall of the trachea or in the 

space posterior to the trachea The vagus nerve is traced down to the 

lower segment, which is then readily found unless it should arise m the 

crotch between the two main bronchi Occasionally, a strand of fibrous 
tissue or muscle extends between the two segments and can be traced 
downward to the lower segment Considerable difficulty has been experienced 
m locating the lower segment when it enters the tracheobronchial tree at an 
extremely low level, that is, when the lower segment passes directly down- 
ward from the carina or one of the stem bronchi In three of the 24 cases, 
the posterior aspect of both main bronchi was exposed before the lower 
segment could be definitely lying in the angle between them In the two 
cases with agenesis of the lower esophagus, both mam bronchi were exposed 
posteriorly before the absence of a tracheoesophageal fistula could be definitely 
determined 

A right-angled hemostat is passed around the lower segment qust below 
its entrance into the trachea or bronchus A narrow tape or thread is then 
placed around the lower segment to provide tension and to aid in the freeing 
of the lower segment up to the fistulous communication After the lower 
segment has been freed from the trachea, the decision is made regarding 
the advisability of attempting an anastomosis The upper segment is pulled 
downward with the tension suture and the proximity of the two segments is 
noted With the upper segment pulled down, a gap of 05 to i cm can 
usually be overcome by the upward mobility of the lower segment after 
it has been divided The external diameter of the lower segment should 
also be estimated If the lower segment is narrow and its diameter is only 
three or even four millimeters, the possibility of securing a satisfactory anas- 
tomosis IS extremely small If the gap is too great or the lower segment too 
narrow, the preferable plan, in so far as recovery of the infant is concerned, 
IS to abandon a dnect anastomosis and to treat the condition by the indirect 
method The lower segment would then be ligated, but not divided so that 
the factor of possible contamination of the wound would be avoided 

If It seems likely that an anastomosis can be made, the lower segment 
IS ligated w'lth a single or double silk ligature as close as possible to the 
trachea A tension suture is placed m the wall of the lower segment distal to 
the ligature, the lower segment is divided and the mucosa of the two ends is 
cleansed with a mild antiseptic solution As a tendency exists for the ligature 
to roll off the ligated proximal stump, several suture ligatures are used to 
cover the stump. The lower segment arises from the trachea at a sharp 
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angle and, as a ligature of the lo\\er segment necessarily lies at a right 
angle to the direction of the lumen, a several millimeter length of the posterioi 
wall of the lower segment is sacrificed when a ligature is used If it seems 
that this additional length posteiiorly will be of advantage m the construction 
of the anastomosis, it can be saved by placing a narrow hemostat across the 
distal segment almost flush with the trachea and parallel to the direction 
of the trachea The lowei segment is then divided and the clamp is oversewn 
with several figure-of-eight plastic silk sutures (Fig 7) Additional inter- 
rupted sutures may be used if needed This method of dividing the lower 
segment has been used only in the two most recent cases m this series 





Fig 7 — (A) The lower esophageal segment arises from the trachea at a sharp angle A ligature 
will, of necessity, he at a right angle to the long axis of the esophagus Closure of the fistula by a 
ligature sacrifices the upper portion of the posterior wall indicated by the bracket (a) 

B, C and D illustrate the method of closure of the tracheoesophageal fistula that has been used 
in the two most recent cases 

(B) The upper portion of the posterior wall of the lower segment is preserved by the placement of 
a mosquito hemostat across the lower segment at its entrance into the trachea 

(C) The lower segment has been divided by an oblique incision A greater length of the 
esophageal wall is preserved posteriorly by this method, and a larger circumference is available for 
the anastomosis 

(D) The hemostat is oversewn with figure of eight sutures and is removed Additional inter 
rupted sutures are used to strengthen the closure By this method the tracheoesophageal fistula is closed 
by suture, rather than by ligature The relative efficacy of the two methods in the prevention of re- 
opening of the fistula has not been established as yet 


The blind end of the upper segment is opened for a distance that cor- 
responds to the diameter of the lower segment The musculature of the 
anterior wall of the upper segment is less well developed than it is laterally 
or posteriorly As the anterior wall of the upper segment has on occasions 
split Upward during the construction of the anastomosis, the incision in the 
upper segment carefully avoids the anterior wall The interior of the upper 
segment is cleansed with an antiseptic solution A No 8 F catheter with its 
flared outer end completely removed is introduced into the two segments by 
way of the wound One end of the catheter is advanced into the lower segment 
until it enters the stomach The other end is advanced through the upper 
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segment until it enters the pharynx where the anesthetist grasps it with a 
hemostat and withdiaws the end of the catheter from the mouth The catheter 
stabilizes the esophagus during the construction of the anastomosis, and the 
open ends of the two segments are kept from collapsing, thereby allowing 
the sutures to be placed more readily than when a catheter is not used 
Considerable difficulty is often encountered in the construction of the 
anastomosis because of the tension that is present and the thinness of the 
wall of the lower segment Delicate, atraumatic round-point needles^ and the 
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Fig 8 — The upper drawing shows the blind upper esophageal segment and the lower esophagus 
arising from the trachea The relative size of the two segments and the relative thickness of thei' 
walls are illustrated 

The lower drawing shows the completed “telescopic” anastomosis This type of anastomosis is 
used because of the discrepancy in the size of the two segments and the discrepancy in the thickness 
of their walls The relatively thick wall of the dilated upper segment and the extremely thin wall 
of the smaller lower segment are illustrated The thickness of the entire wall of the lower segment 
IS usually no greater than the thickness of the mucosa of the upper segment The inner row of sutures 
approximates the full thickness of the wall of the lower segment to the mucosa and submucosa of the 
upper segment The outer layer of sutures draws the muscularis of the upper segment downward and 
anchors it to the outer wall of the lower segment at a level several millimeters below the inner 
layer of sutures Interrupted sutures of plastic silk are used in the construction of the anastomosis 

smallest available silk sutures (Deknatel A) are employed, so that a minimal 
amount of trauma is produced A “telescopic” type of anastomosis (Fig 8) 
has been employed for the patients operated upon during the last year and a 
half The discrepancy between the thickness of the walls of the two segments 
leadily permits this type of an anastomosis The thickness of the under- 
developed wall of the lo-\\ er segment is usually no greater than the thickness of 
the mucosa of the upper segment An inner row of about eight interrupted 
sutures approximates the mucosa and a small amount of submucosa of the 
upper segment to the full thickness of the wall of the lower segment there 
IS considerable mobilit}^ of the muscular layer of the upper segment on the 
submucosa, the muscularis of the upper segment can be pulled downward and 
sutured to the outer surface of the lover segment, 2 or 3 Mm below the 
leiel of the first rov of sutures This second or outer layer of the anastomosis 

♦Anchor brand No 1833-4, circle, taper point 
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consists of approximately the same numbei of interrupted sutures that are 
used for the inner layer The catheter is withdrawn after the anastomosis is 
completed 

A pneumothorax resulting from the accidental opening of the pleura 
during the operation is not well tolerated because of the normally low respira- 
tory reserve of infants If a pneumothorax should occur, the lung should be 
promptly reexpanded with positive piessure ox)^gen administered by a 
face mask, and the opening through the pleura should be closed if possible 
The thin parietal pleura, however, does not lend itself well to suturing, as 
the puncture wounds caused by the smallest available needle may allow 
leakage of air or cause a further teai of the pleura After the parietal 
pleura has been freed from the thoracic wall, the ledundancy of the pleura 
often allows the torn edges to be grasped and pulled outward If the tear 
is not too large, an encircling ligature can be placed beyond the tear, and 
an air-tight closure is thereby obtained This maneuver usually can not be 
employed if the tear is in the region of the arch of the azygos vein When 
the tear can not be closed, a small gauze pack is placed against the pleural 
opening after the lung has been expanded by positive pressuie oxygen Air 
can be prevented from entering the pleural space by maintaining firm pressure 
against the pack with the spatula retractor At the time of closure of the 
thoracic wall incision, the inner portion of a small gauze drain is placed 
against the opening m the pleura Expansion of the lung is maintained by 
the positive pressure until the wound* is closed air-tightly around the dram 
The pressure exerted by the gauze keeps the parietal pleura in contact with 
the lung, and the irritation produced by the gauze causes a rapid adherence 
of the lung to the parietal pleura at the site of the tear This method of sealing 
the opening in the parietal pleura has been successful in the prevention of 
an empyema, even though the extrapleural wound in some of the cases has 
become grossly infected as a result of leakage of the anastomosis 

The wound is irrigated with physiologic saline solution before the closure 
is begun In the event that the pleura has not been opened, a soft rubber tissue 
drain is placed near the s’te of the anastomosis as a safeguard m the event that 
leakage of the anastomosis should occur The long free anterior ends of 
the divided intercostal muscles are sutured to the under surface of the sacro- 
spinahs muscle, and the extracostal wound is closed in layers with inter- 
rupted sutures Fine catgut is used for the buiied sutures because of pos- 
sible suppuration of the wound resulting from leakage of the anastomosis 
The skin edges are approximated with interrupted sutures of plastic silk 
The operative technic for the left extrapleural approach® varies only 
m the exposure of the anomaly After the parietal pleura has been separated 
from the thoracic wall, the highest intercostal vein is doubly ligated and 
divided The left subclavian artery is identified and retracted forward, so as 
to expose the retrotracheal space The upper segment of the esophagus is 
located by the same measures described for the right extrapleural approach 
In order to expose the lower esophageal segment, the uppermost two or 
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three intercostal arteries are doubly ligated and divided close to the aorta 
The aorta is then retracted forward, downwaid and mesially The left 
vagus nerve is not seen, but the left recurrent laryngeal nerve may be en- 
countered and injury to it should be avoided 

POSTOPERATIVE MANAGEMENT 

If physical or roentgenographic signs of a moderate or considerable 
pneumothorax are present, the air is aspirated from the pleural space The 
infant is placed upon the operated side to reduce the paradoxical motion of 
the thoracic wall resulting from the costal resections The foot of the 
bed IS elevated co favor the drainage of secretions from the respiratory tract 
to the exterior External heat is applied and oxygen is administered con- 
tinuously with a face mask while the patient is being returned to the nursery 
Prior to the use of oxygen during this interval, intense cyanosis often was 
present upon the patient’s return to the nursery Oxygen is subsequently 
administered by means of a tent The rectal temperature is recorded and, 
as the temperature is frequently subnormal, external heat is continued The 
temperature of the air within the tent is maintained at a considerably higher 
level than is customary with oxygen tents If the infant is premature, or if 
difficulty should be experienced in maintaining the body temperature at a 
normal level, the patient is placed in an incubator The intravenous infusion 
IS slowly continued until the required amount of lOO to 150 cc of blood 
has been given 

The condition of a few of the infants during the first several hours 
after operation has been precarious Sudden attacks of cyanosis with 
complete cessation of respiration have occuired as a result of obstruction of 
the airway by secretions Immediate aspiration of the pharynx is required 
and, artificial respirations, carbon dioxide and oxygen inhalations, and 
subcutaneous injection of caffeine sodium benzoate are used to restore 
lespiration The recovery of the infant from these episodes is almost as 
sudden and dramatic as is the speed with which they arise Should the 
onset of these episodes not be recognized promptly, death may occur suddenly 
before corrective measures can be instituted To prevent these attacks 
insofar as possible, the character of the respirations is carefully determined 
at frequent intervals, and pharyngeal suction is used at the first appearance 
of a wet-type of breathing 

Subcutaneous fluid, consisting of a 3 or 5 per cent solution of dextrose 
m distilled water, is given during the first 12 or iS hours after operation 
only if an insufficient amount of fluid has been administered in conjunction 
^vlth the blood transfusion The subcutaneous daily amount of subcutaneous 
fluid IS restricted, because of the danger of producing pulmonary edema 
b}'^ the administration of too large a quantity The amount of fluid ordinarily 
given IS about one and one-half ounces per pound of bodj'^ weight, instead 
of the customary two and one-half ounces per pound The subcutaneous 
fluids consist of a 3 or 5 per cent solution of dextrose, supplemented with the 
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?> *5 — (A) Portable roentgenogram after ingestion of iodized oil five days 

^“?P‘®ural ligation of tracheoesophageal fistula and primary anastomosis of esophageal 
f r anastomosis did not occur The upper esophagus is dilated and the lumen 

i* 1 anastomosis is narrow All feedings were continued by mouth Gastrostomy and 
esopti^cal dilatation were not necessary. 

i.imAM ^ ? months after operation Spontaneous enlargement of the esophageal 

anastomosis The upper esophagus is not dilated In subsequent 
("ot illustrated) iodized oil passed through the esophagus so rapidly that satis- 
ana*storaos°s”*^*^”°^^”'* obtained A slight narrowing ^vas evident at the site of the 

nnArnt?ir, paticnt One year after operation show the scar of the healed left extrapleural 

operation. A gastrostomy has not been necessary c^irapieurat 
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desired amount of a o 5 per cent solution of sulfadiazine Physiologic saline 
solution IS not used, except for the minimal amount required in conjunction 
with blood transfusions The onset of edema of the extremities is an indica- 
tion for a transfusion of whole blood Blood is used m preference to plasma, 
as the possibility of producing pulmonaiy edema appears to be greater when 
plasma is employed One of the early cases in this series died from pulmonary 
edema resulting from the administration of an excessive amount of physiologic 
saline solution, and a more recent patient died from pulmonary edema follow- 
ing a plasma transfusion 

A portable roentgenogram of the chest is made daily during the first 
several days after operation The infant is placed m a sitting position during 
the exposure of the film If residual air is present within the pleural space, 
the indication for withdrawal of the air will depend upon the amount that is 
present A moderate amount should be removed , a small amount should prob- 
ably be allowed to remain because of the danger of injury of the lung with the 
aspirating needle 

The rubber or gauze dram is shortened on the first or second postoperative 
day and it is removed completely on about the fourth day After removal 
of the dram, the drainage track is packed daily with a narrow gauze strip 
to allow the wound to heal satisfactorily by second intention A portable 
roentgenogram is made on the second day after the administration of one 
or two cubic centimeters of iodized oil by mouth If leakage of the 
anastomosis is not evident, fluids m very small amounts aie started by 
mouth Ordinarily only one or two cubic centimeters of a 5 per cent dextrose 
solution are given at hourly or two hourly intervals If the infant tolerates 
this amount of fluid without difficulty, the amount is gradually increased on 
the following day On the fourth postoperative day, iodised oil is again 
given by mouth and, if leakage is not apparent m the roentgenograms, a small 
amount of a formula, diluted with an equal amount of 5 per cent dextrose, 
IS begun If the formula does not produce choking and if leakage does not 
subsequently occur, the amount of the formula is gradually increased until 
the eighth or tenth day when one, or one and one-half ounces will usually 
be taken at three-hourly intervals During this period supplementary 3 
or 5 per cent dextrose solution is given daily by subcutaneous infusion 
and at times by rectal instillation Supportive blood transfusions are given 
every second or third day In this way the infants can be tided over the 
critical period of an insufficient fluid and caloric intake by mouth Four of 
the six living patients in this series did not develop an external esophageal 
fistula , in three of the patients the above plan was used satisfactorily and 
a gastrostomy was not needed In the fourth patient a gastrostomy was 
required because of a recurrence of a tracheoesophageal fistula 

As soon as the infant’s condition permits, a roentgenoscopic examination 
of the reconstructed esophagus is done Iodized oil is again used and its 
progress tlirough the esophagus is obsen'^ed During the first few weeks 
after operation, a delay in the passage of oil is present at the site of the 
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anastomosis, even though a definite stncture may not be present The 
narrowness of the lumen at the level of the anastomosis and of the esophagus 
below the anastomosis apparently accounts for the delay, inasmuch as spon- 
taneous enlargement of the lumen and a more rapid passage of the opaque 
medium occur during the succeeding weeks (Fig 9) Later, the passage of 
the iodized oil has been so rapid m several cases that it has been necessary 
to use a thick barium paste in order to obtain satisfactory roentgenograms 
The roentgenoscopic examination is lepeated at intervals, howevei, in order 
to ascertain whether a stricture is developing 

When an external esophageal fistula develops as a result of leakage of the 
anastomosis, a gastrostomy is required for feeding A gastrostomy, however, 
subjects the patient to increased risks and it has been an important cause 
of death in those patients ^\ho have required it One infant died ten hours 
after the gastrostomy, and no cause of death could be determined other than 
the fact that the infant had been subjected to an additional operation and 
had not had a transfusion in conjunction with the gastrostomy Three infants 
died of hemorrhage from the region of the gastrostomy The hemorrhage 
in one case occurred from ulceration of the umbilical vein and in another 
instance it resulted from ulceration of the gastric wall in the region of the 
gastrostomy tube The third patient died four months after the gastrostomy 
operation from malnutrition resulting from leakage around the tube and 
trom a terminal hemorrhage from the stomach Leakage of the oral feedings 
around the gastrostomy tube and prolapse of the gastric wall adjacent to 
the gastrostomy are present in one of the living patients In this case a 
plastic closure of the gastrostomy will be needed, but this operation has not 
^et been undertaken because a continuous thread is being kept in place foi 
retrograde dilatation of an esophageal stricture In the past a Stamm-type 
of gastrostomy has been used and the catheter has been brought out through 
the incision In the last patient in this series, operated upon by Dr John 
Alexander, the catheter was brought out through a stab incision This plan 
appears preferable because of the thin abdominal wall in infants and the 
tendency for local disruption of the wound around the catheter when the 
latter is brought through the mam incision A Witzel-type of gastrostomy is 
recommended by Ladd and Gross as a satisfactory type of gastrostomy for 
infants 

Spontaneous healing of an external esophageal fistula occurred in the three 
patients who survived this complication, but the development of a partial 
stricture accompanied the process of healing (Cases 10, 22 and 23) In Case 
23 a complete stricture occurred after the primary operation, and a partial 
stricture occurred after correction of the stnctuie at a secondary operation 
As the extent of the stricture can not be determined in advance, the infants 
who develop an external esophageal fistula should be given a fine silk thread 
to swallow as soon as the thread can be recovered safely from the stomach 
by way of the gastrostomy opening The thread is kept in place for sub- 
sequent retrograde dilatations in the event that they are necessary 
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A leakage of the anastomosis with a resultant external esophageal fistula 
IS a serious complication with regard to the feeding of the infant The 
feedings are given through the gastrostomy tube, but the normal tendency 
of an infant to regurgitate gastric feedings into the esophagus results in the 
loss of more or less of the feedings through the external fistula The gastros- 
tomy feedings will, in such patients, need to be given in smaller amounts and 
at more frequent intervals than would otherwise be the case, in order to 
reduce the tendency to regurgitation In three patients this plan was suc- 
cessful in the prevention of any significant loss of the feedings In three 
other patients this plan was not successful and the resulting malnutrition was 
the chief cause of death In one of these cases unsuccessful attempts were 
made to insert a catheter through the track of the gastostomy opening and into 
the duodenum for the purpose of instituting duodenal feedings On repeated 
attempts, the catheter could he guided into the pylorus but it could not be 
made to enter the duodenum This maneuver was possible, however, in 
another patient who developed malnutrition from leakage around the gas- 
trostomy tube, but the patient died before the malnutrition could be cor- 
rected The use of a jej unostomy rather than a gastrostomy has been con- 
sidered, but has not been employed in the cases in this series A jej unostomy 
would not permit retrograde dilatations although it could be used to provide 
adequate nourishment until the external esophageal fistula had had an 
opportunity to close 

RESULTS 

A reconstruction of esophageal continuity for congenital atresia is an 
extensive operation for a new-born infant, even when the circumstances per- 
taining to the operation are entirely favorable The ability of the infant 
to withstand an exploratory operation will be influenced largely by its size 
and general condition on admission The possibility of restoring esophageal 
continuity will depend upon the nature of the anatomic findings As these 
factors are uncontrollable, they will prevent the operation from being attempted 
in some cases and in other cases, they will prevent an anastomosis from being 
completed In this series of cases, the poor general condition of the patient 
prevented operation from being undertaken in four, or 14 3 per cent, of the 
28 patients who have been seen during the period that the operation of primary 
anastomosis has been employed An anastomosis was found to be possible 
in 17, or 708 per cent, of the 24 patients for whom an exploration of the 
anomaly was performed, and an anastomosis was made in 16, or 66 7 per cent, 
of the 24 patients 

The details of operative technic and preoperative and postoperative care 
are factors vhich are controllable As an improvement in the management 
of these cases can be expected, the results in subsequent cases should be 
superior to those obtained to date during the initial experiences with this 
operation In this series of cases, an increase in the recovery rate of the 
patients for ^^hom an anastomosis was possible occurred with increasing 
experiences (Table I) 
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The improved results in the past year have been due to several factors 
The use of larger blood transfusions in the replacement of operative blood 
loss and the use of only the minimal amount of physiologic saline solution 
that has been necessary in conjunction with the blood transfusions have 
resulted in a striking decrease in the incidence of postoperative edema, 
whereas m the earlier cases, edema occuned m all patients who survived 
the operation for a period of over two days The difficulty of securing an 
anastomosis without subsequent leakage has been partially overcome by the 

Table I 

CONGENITAL ATRESIA OF THE ESOPHAGUS 

© 

RESULTS IN 28 PATIENTS DURING PERIOD OF USE OF THE OPERATION OF PRUURY ANASTOMOSIS 



1939 

1940 

1941 

1942 

1943 

Total 

Number of patients 

2 

2 

4 

6 

14 

4 

No operation — poor general condition 

— 

— 

1 1 

! ' 1 'J 

2 

8 

Anastomosis not possible 

— 

2 * 

— 

2 

4 

8 * 

Anastomosis 

2 

— 

3 

3 

8 

16 

Living 

— 

— 

1 

1 

4 

6 

Per cent of operative recoveries 
following anastomosis 

0 % 

0 % 

33% 

33 % 

so% 

37 5 ^ 


* One patient (1940) presented ideal anatomic indications for anastomosis, but anastomosis was not 
attempted 

Four patients admitted 193S-1938 (before use of anastomosis) 

Three treated by gastrostomy — ^Died 
One — no operation — Died 

use of the telescopic type of anastomosis The complications arising from 
pleural perforation that can not be closed have been obviated in the recent 
cases by the placing of a small gauze pack against the pleural opening during 
the operation and at the conclusion of the operation 

An analysis of the causes of death shows that pneumonia occurred in most 
of the fatal cases Fat stains of the lungs were used m the cases having 
autopsies and in several of them a lipid pneumonia was found Atelectasis 
of the fetal or acquiied type was found in five cases in wdiich pneumonia 
was not present at autopsy examination Acute pulmonary abscesses were 
noted in one case The pulmonary complications have often been accompanied 
by other complications that have been more important m the cause of death 
The other complicating factors have included operative shock and insufficient 
blood replacement, malnutrition resulting from loss of gastrostomy feedings, 
sepsis from infection of the operative wound, pulmonary edema from excessive 
amounts of physiologic saline in one case and from a reaction to a plasma 
transfusion in another case, hemorrhage from the site of the gastrostomy and 
hemorrhage from the distal esophagus Table II summarizes the findings 
and results in all cases of congenital atresia of the esophagus admitted to 
the University of Michigan Hospital prior to April i, 1944 

Six, or 37 5 per cent, of the 16 patients foi whom an anastomosis was 
done are living from seven months to three years and one month after 
operation The reconstructed esophagus is patent m all instances The oldest 
patient (Case 10) has been reported in detail m a previous communication ® 
This case is the first successful one of reconstruction of the esophagus by 
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extrapleural ligation of the fistula and primary anastomosis The patient has 
developed normally and her eight at the age of three years was 29 pounds 
The diet of this patient is not unusual except for the fact that ground meats 
and sieved vegetables are used instead of coarser foods In this case a stric- 
ture developed subsequent to leakage of the anastomosis, but serial roent- 
genographic examinations have shown a gradual mciease in the size of the 
lumen at the site of the stricture (Figs 10 and 11) The stricture was dilated 
once by Dr J H Maxvell when the patient was 17 months of age During 
the first two years after operation, the patient was troubled considerably by 
accumulations of mucus 111 her throat but this s} mptom has greatly lessened 
during the last year 



f — Roentgenograms three jears after operation Progressue enlargement 

ot tde iumen ot the esophagus has occurred at the site of the anastomosis (Courtesy of Dr M 
Cooperstock, Northern ilichigan Children’s Clime, Marquette, Michigan ) 


The next oldest patient (Case 18) is 19 5 months of age In this case a 
soft rubber drain, that was introduced into the extrapleural space at the 
conclusion of the operation, was unintentionally removed on the first post- 
operative day The external wound healed pei pninain, but a fistula developed 
between the esophagus and the trachea as a result of a small leak at the 
anastomosis and a reopening of the original tracheoesophageal fistula The 
lumen of the esophagus remained patent Gastrostomy feedings v ere employed 
for a period of 16 months The fistula gradually became smaller and it closed 
spontaneously 14 months after operation All feedings have been given by 
mouth for the past two months and the gastrostomy wound is being allowed to 
close A bilateral pneumonitis that is present apparently began as a result of 
secretions within the esophagus having gained entrance into the trachea when 
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the recurrent tracheoesophageal fistula was still open The patient’s weight 
IS now 165 pounds * 

The third oldest patient (Case 19) is now living 14 5 months after opera- 
tion In this case the two esophageal segments were smaller than usual, and 
the lower segment entered the trachea immediately above the bifurcation This 
patient’s postoperative convalescence was exceptionally satisfactory Leakage 
of the anastomosis did not occur, and a gastrostomy was not needed The 
patient is able to swallow all foods customarily given to a child of this age, 
and the present weight is 19 pounds 

In the fourth living patient (Case 22) the anastomosis was less satis- 
factory than usual, as the anterior wall of the upper segment split in an upward 
direction during the construction of the anastomosis A second row of sutures 
could be used around only half of the circumference of the anastomosis A 
large external esophageal fistula developed three days after operation and a 
gastrostomy was done three days later The external fistula closed spon- 
taneously SIX weeks after operation A very tight stricture developed and 
feedings by gastrostomy were used for nine months A thread was sub- 
sequently swallowed and is now being used for retrograde dilatations The 
patient is now 13 months of age For the past three months, the feedings 
consisting of cereals and liquids have been taken entirely by mouth The 
gastrostomy opening is unsatisfactoiy because of its large size and a prolapse 
of gastric mucosa The gastrostomy is slowly becoming smaller with the use 
of a constant pressure dressing over the opening The weight has increased 
four pounds during the past month and at present the patient weighs 
14 pounds 

The fifth patient (Case 26) (Figs 12, 13 and 14) is living 10 months after 
operation A gap of three centimeters existed between the two segments 
before the anastomosis was made Although there was roentgenographic 
evidence of a small leak at the site of the anastomosis from the fifth to tenth 
day, an external esophageal fistula did not develop Feedings by mouth were 
continued during this interval and a gastrostomy was not necessary The 
extrapleural wmund was completely healed 10 days after operation, and the 
patient was discharged from the hospital 35 days after operation The 
infant has developed normally and was in excellent condition when last 
seen at the age of six months 

The sixth and most recent living case (Case 30), is now seven months 
Condition on August 10, 1944. of 

1 Case 18 A more recent roentgenologic examination of the esophagus with 
iodized oil reveals a persistence of the tracheoesophageal fistula Gastrostomy feedings 
hav e been resumed and a plastic closure of the fistula will be required 

2 Case 26 This patient was examined at the age of one jear His general 
condition continued to be excellent and he experienced no difficulty in swallowing 

3 Case 30 Feedings have been given orally for the past i 5 months The wheezing 
during feedings has largelj subsided The attacks of apnea and respiratory arrest have 
almost disappeared, onh one attack having occurred during the past two months 
Esophagoscopic cxaniination shows no evident abnormalitj of the reconstructed esophagus 
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old The patient has not been discharged from the hospital because respira- 
tory difficulties occur with oral and gavage feedings In this case the anas- 
tomosis healed without the development of an external fistula, although a 
very small temporary leakage of the anastomosis was seen in the roentgeno- 



Tig 13 — r B , Case 26 — (A and B) Roentgenograms, six months after operation show the lumen 
of the esophagus to have enlarged TTiere was no delay in the passage of rugar through the 
esophagus 



Fig 14 — r B, Case 26 — (A and B) Photographs of patient one month after operation The 
healed right parascapular incision is seen A gastrostomy has not been needed 
(C) Photograph of patient six months after operation 


grams Roentgenoscopic examination shows only a slight delay in the 
passage of lipiodol through the region of the anastomosis, and a No i8 F 
catheter can be easil}’- introduced into the stomach Wheezing occurs during 
all feedings, but it is more seAere during oral feedings The respiratory 
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difficult}’- IS characterized by apnea, cyanosis and respiratory arrest which 
occasionally occur shortly after the conclusion of a feeding, whether it be by 
the oral route or by gavage Immediate resuscitative measures are needed 
to restore respirations As the gavage feedings provoke the symptoms less 
often than do the oral feedings, the gavage feedings have been used almost 
exclusively and are being continued The explanation foi the respiratory 
attacks is not clear A recurrence of the tracheoesophageal fistula has been 
considered as a possible cause for the symptoms, but the roentgen examinations 
reveal no evidence of a fistula A faulty mechanism of deglutition has also 
been considered as a possible cause, although the epiglottis appears to be 
normal on laryngoscopic examination* 

SUMMARY 

The anatomic and surgical problems concerned -with the coriection of 
congenital atresia of the esophagus with tracheoesophageal fistula are pre- 
sented Reconstruction of esophageal continuity by a single-stage operation 
consisting of an extrapleural closure of the tracheoesophageal fistula and an 
anastomosis of the esophageal segments offers the most satisfactory approach 
to the correction of the anomaly A primary anastomosis of the upper and 
lower esophageal segments was done in i6 of the 24 patients for whom an 
exploration of the anomaly was undertaken Six, or 37 5 per cent, of the 
16 patients for whom an anastomosis was performed are living from seven 
months to three years and one month after operation, and the reconstructed 
esophagus is patent in all instances 
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Discussion — Dr William E Ladd, Boston Doctor Haight justly remarks that 
congenital atresia of the esophagus has proven amenable to surgical correction only in 
very recent years As far as I know. Doctor Leven, of St Paul, has the oldest living 
patient, and my oldest living patient is 24 hours younger than his They are both now over 
four and one-half years old 

Doctor Haight is certainly to be congratulated on his presentation of the subject 
and on his splendid results He has made a real contribution to this baffling problem 
I am in complete sympathy with his idea that extrapleural ligation of the fistula with 
primary anastomosis is the operation of choice when feasible The feasibility of the plan 
depends on the findings in the individual case, and on the surgeon’s ability The high 
percentage of cases that Doctor Haight considers feasible for primary anastomosis 
makes it unnecessary to comment on his abilitv 

At The Children's Hospital we hive had the comparatively large senes of 72 cases 
Up until 1939 the experience was valuable largely for furnishing pathologic material, 
and for teaching us what not to do Since that time, however, there has been a rift in 
the clouds, and we now have ii living patients During the past year we have operated 
upon 13 patients, of whom eight are living In five of these patients a primary anastomosis 
was attempted, and two are living In the other eight patients the fistula was tied off, 
an esophagostomy and gastrostomy performed, and six of these eight patients are living 
Two of this latter group were a little premature, weighing 4 pounds 6 ounces and 4 
pounds 8 ounces, respectively In our oldest patient, now 4 5 years old, the anterior 
esophagus is continuing to function satisfactorily 

I believe there always will be some patients in whom a primary anastomosis will 
not be feasible We have had at least two patients m whom the lower segment of the 
esophagus extended not over a half inch above the diaphragm and the upper segment 
vas not below the second or third dorsal vertebra One of these patients is among oui 
group of living cases 

From data at hand to date, it would seem that the multiple-stage operation is a 
considerably safer procedure, though in some ways less desirable The advantages of 
primarj anastomosis make this operation preferable in patients in whom the two 
segments are close together 
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I would hke to show some slides demonstrating the technic we have used for both 
the primary anastomosis and the multiple operations 

(Slide No i) Type i is less amenable. Type 2 is tlie rarest, Types 3 and 4 are 
the most common, and Type 4, m which the fistula enters the trachea not above the 
bifurcation but m tlie canna, appears to be the most common in the last two years 
Prior to this time, Type 3 had been the most common Type 5 is again, rare, and it is 
only a very short embryonic step from Type 5 to the type in which there is no atresia, 
and just a tracheoesophageal fistula 

(Slide No 2) The approach is always made on the right side for the reason that 
It IS easier, due to the fact that tliere are fewer important anatomic structures in the 
way A curved incision is made between the scapula and the spine, and the scapula 
IS retracted laterally A rather long section of the fourth rib is resected, and the third 
and fifth ribs are cut Then the pleura is pushed forward, the azygos vein is resected, 
and the lower portion of the esophagus identified In the early cases we simply ligated 
the tracheo-esophageal fistula In the later cases we have not only ligated but also cut 
the tracheo-esophageal fistula, turning in both ends The next slide will show the 
reason for this change in technic 

(Slide No 3) This is a clnld that had done extremely well for more than three 
weeks, and was a very disappointing result At the end of three weeks, following a 
gastrostomy feeding, the child suddenly aspirated all the gastric contents and drowned 
You can see there is a little black stitch that had cut through all the muscular coats of 
the esophagus, the esophagus had recanalized, and the gastric contents went back 
into the lungs and drowned this child We had that happen in one other case, but, 
fortunately, we recognized that it was happening The contents of the stomach were 
evacuated and we reoperated and cut off the fistula, and that child is still living 

(Slide No 4) Now, in the cases in which a primary anastomosis cannot be done we 
have reconstructed an anterior esophagus in this manner A rope is made m the right 
axillary line first, and where the rope is taken from, a Thiersch graft is placed, in order 
not to pull over the skin of the chest wall The lower end of the rope graft is now freed 
and attached over the esophagostomy opening The next step consists of making a skin- 
lined tube from the esophagostomy opening down close to the gastrostomy opening The 
rope graft is then used, as you might say, to make the roof of the new esophagus 

(Slide No 5) This shows the method of attachment of the end of the rope graft, 
which I think is moderately important and self-explanatory 

(Slide No 6) After the epithehal-lined tube and skin-covered tube have been com- 
pleted from the esophagostomy close to the gastrostomy, another tube graft is con- 
structed from the left side, and practically the same procedure is followed to unite the 
two and complete the anterior thoracic esophagus 

(Slide No 7) In one case we pulled the lower segment of the esophagus down 
through the diaphragm and brought that up on the anterior chest wall This case is still 
living, but I have had a great deal of trouble with it, because of a fistula which has devel- 
oped between that and the epithelial-lmed tube It is now healed, and I hope the result is 
going to be satisfactory , but it has given a gi eat deal of trouble, and I do not think I would 
do it again 

(Slide No 8) Early cases of primary anastomosis died with leakage, but since 
we have adopted this method of suture we have not had any leaks 

In the top left hand corner the slide shows how we insert first m the upper 
segment small over-and-over stitches to act as stays, which give a long purchase so that 
the sutures will not pull out The same thing is done in the lower segment, and the 
two segments are approximated Three or four stitches are placed, anastomosing the 
mucous membrane first Then the first stay-sutures are all tied, and two or three unin- 
terrupted Connell sutures are placed to turn in the outer part of the layers of the 
esophagus 
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We have done that over a catheter and left the catheter in I think very likely Doctor 
Haight’s idea of pulling the catheter out as soon as the anastomosis is completed, may 
be a better procedure 

(Slide No 9) This is our oldest child, 4 S years of age She eats quite a liberal 
diet I tried to obtain a roentgenogram showing the outline of the esophagus, but the 
barium goes down very fast, and it is very difficult to obtain a satisfactory film 

It IS a mistake to think that food stays in the skin tube— it goes through very 
rapidly Apparently there is plenty of peristalsis m the upper segment of the esophagus 
to push anything down into the stomach, and very quickly 

(Slide No 10) This is the oldest child in whom we have performed a primary 
anastomosis, now nine months old, and weighing about 17 pounds, she is a good, fat, 
healthy, well-nourished child, as you see by the picture 

Again, I want to congratulate Doctor Haight on his primary anastomosis, and I 
think he has really made a great contribution to this difficult problem 

Dr N Logan Leven, St Paul, Minn I also wish to congratulate Doctor Haight 
My experience parallels that of Doctor Ladd, but is not as extensive 

Since 1939, I have operated on these cases, doing an extrapleural ligation, and 
have five that are surviving The oldest is over four and a half years and the youngest 
IS about three months 

I feel that this operation of extrapleural ligation will always be necessary in some 
cases, as in the one-third of cases that Doctor Haight pointed out I believe that in 
premature children that weigh four pounds, or under, it is exceedingly difficult to 
perform an anastomosis My experience is not extensive in that regard I have 
operated upon only two, doing primary anastomoses, and neither of them survived 
One weighed about 1,900 Gm 

In one case in which I did an extrapleural ligation the upper pouch ended at the 
suprasternal notch, and when it was brought out the lower end was well above the 
clavicle In this case an anastomosis would have been impossible 

I believe that the operation of extrapleural ligation is simpler and safer, but it 
certainly entails considerable subsequent surgery to complete the case 


Dr Rollin a Daniel (Vanderbilt Hospital, Nashville, Tenn ) I want to add my 
congratulations to those of the others for this very fine piece of work which Doctor 
Haight has accomplished 

We, at Vanderbilt, have operated upon seven patients with this condition during 
the last two and a half years, all of whom had tracheo-esophageal fistulae of the type 
described by Doctor Haight as being the most common In six of these instances the 
fistula has been exposed and extrapleural ligation has been carried out In the first 
four, however, exteriorization operations were performed, while in the last three, attempts 
were made to effect an end-to-end anastomosis of the esophagus This was successful 
01 was accomplished, m two patients, and one of these patients is still living at the age 
of five months This child did get a stnctuie which is still being dilated through a 
gastrostomy 

We have come to feel that the following points are of some importance 
First, that operation should not be delayed for very long, only long enough to 
correct fluid deficiencies and to administer plasma, as may be thought necessary 

Second, that general anesthesia probably should not be employed, but that the 
operation should oe earned out with local anesthesia in the skin or no anesthesia at all 
Third, that the extrapleural approach is the proper one, and that it should be 
carried out on the right side, although in the one successful case which we have 
to date, the operation was performed from the left side 
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Dr Cameron Haight (closing) I appreciate very much the discussion on this 
subject, because it allows an opportunity to survey the results that have been accomplished 
to date Doctor Donovan had planned to be here today to mention the results at the 
Babies Hospital, where Doctor Humphreys has three patients uho have survived the 
multiple-stage procedure, one patient who is living eight months following a primary 
anastomosis, and another patient who is living several days following an anastomosis 
Including these cases, and those ment oned m the tevt of the paper, and by the dis- 
cussers, there are 30 living patients, although recent follow-up information is not 
available on two of the patients (Shaw, Nettrour), referred to m the text It is very 
giatifymg, therefore, to see that definite progress has been made in the treatment of 
a condition which, up to five years ago, had not been successfully corrected by surgery 
In several of our cases we endeavored to obtain mtrathoracic esophageal continuity, 
rather than electing the multiple-stage principle, when the anatomic conditions were 
unfavorable for an anastomosis In two of these cases, the esophageal segments 
could not be approximated, so a catheter was left in the esophagus in the hope 
that secondary healing might occur over the catheter This plan was not suc- 
cessful because of the regurgitation of gastrostomy feedings into the extrapleural 
wound Had the multiple-stage operation been undertaken in these infants, they might 
have been saved, but until Doctor Ladd demonstrated the completed antethoracic esopha- 
geal tube today, I must confess that I had been distinctly unenthusiastic about the use 
of the multiple-stage plan, even when a primary anastomosis was impossible 

In regard to Doctor Daniel’s remark concerning the anesthesia, the first several 
cases in this series were operated upon under local anesthesia It was in these cases 
that the considerable mobility of the two segments and the resulting tension upon the 
anastomosis was first observed I feel that the operation of primary anastomosis is 
more difficult when undertaken under local anesthesia, and I believe it can be done more 
quickly, with less trauma to the two segments during the construction of the anastomosis 
and with a better anastomosis if it is done under general anesthesia 
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FROM THE department OF SURGERY OF THE UNIVERSITY OF CHICAGO, CHICAGO ILL 

The value of blood transfusions m improving and widening the scope 
of surgery has become more and more appreciated By the use of adequate 
blood before and during operations, emphasis is placed on the prevention of, 
rather than the treatment of shock Likewise, the maintenance of the normal 
volume and constituents of circulating blood is an important factor in the 
prevention of anoxia Since anoxia may occur in the absence of cyanosis, 
especially m the anemic patient, prevention rather than active treatment is 
much more desirable ^ A third purpose served by blood transfusions is the 
improvement or maintenance of blood plasma proteins, a factor of importance 
in the healing of wounds and a satisfactory postoperative convalescence ^ 
The amount of blood loss during major surgery has frequently been 
grossly underestimated This loss was not fully appreciated until recently 
when actual determinations were made With the improvement of diagnostic 
methods and an appreciation of the physiologic needs of the patient, extensive 
surgical procedures have become more frequently used In spite of attention 
being given to careful hemostasis, blood loss in many of these operations 
has been considerable Actual determinations made following some thoracic 
operations have revealed that 1500 cc of blood is an average loss for 
lobectomy and pneumonectomy ® In some instances the loss was as much 
as 3000 cc Extensive abdominal and thoiaco-abdominal as well as other 
operations not infrequently cause a loss of 1 500 to 3000 cc , or more, of blood 
Since the above factors have become appreciated, an attempt has been 
made in this hospital to replace the blood, while it is being lost, with an 
equal amount of whole blood or plasma, chiefly the former, in order to 
maintain the circulating blood in a normal state This has necessitated the 
giving of massive transfusions, frequently from 1500 to 3000 cc and at 
times as much as 7000 cc Blood studies following operations in these 
patients revealed values which compared favorably with those found before 
operation There were no untoward reactions observed m these patients 
Recently, investigative work on the use of massive transfusions of blood 
and blood substitutes has been reported and a warning issued against the too 
liberal use of citrated blood In an attempt to find a suitable blood substitute 

* This work was supported in part under a grant from the Douglas Smith Foundation 
for Medical Research of The University of Chicago 

Read by title before the American Surgical Association, May 3 - 4 , 1944 , Chicago, 111 
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for replacement of blood loss from massive hemorrhage, Ivy, and his co- 
workers,® conducted extensive experiments on dogs The animals were 
bled from 45 to 65 per cent of their estimated blood volume within a 
period of 3 to 20 minutes If no replacement of this loss vas made, approxi- 
mately 84 per cent of the dogs died, when the loss was lapidly replaced by 
citrated whole blood or plasma over a five-minute period, 50 and 70 per cent 
of the dogs, respectnely, died However, if replacement was made „with 
heparinized plasma only six per cent of the dogs expired 

From the results of these experiments the authors warned against the 
rapid replacement of blood loss with massive transfusions of citrated blood 
They postulated that if 1500 cc-2500 cc of citrated whole blood or plasma 
were given lather rapidly to a 70-Kg man after a severe hemorrhage, it 
might prove to be fatally toxic 

Bruneau and Graham'* reported experiments m nhich dogs were bled 
10 per cent of the estimated blood volume and the blood then reinjected 
during a one-half hour period The lemjected blood contained either 06 
per cent sodium citrate or heparin The hemorrhages were repeated until 
the animals died The dogs receiving the citrated blood expired after an 
average of 9 25 hemorrhages, or approximately 92 5 pei cent of the 
estimated blood volume , while the dogs receiving heparinized blood averaged 
25 2 hemorrhages, or 252 per cent before death occurred 

The authors believed that some othei factor than sodium citrate con- 
tributed to the deleterious effects in this group However, they warned 
against the too liberal use of citrate in large transfusions 

In view of these two reports it was thought worth while to review the 
data on massive whole blood and/or plasma transfusions given during the 
past 18 months to 53 patients on several Surgical Services at the University 
of Chicago Clinics A complete report® of this study was presented at 
the February meeting of the Society of University Surgeons held at Nash- 
ville, Tennessee, and will appear in “Surgery ” 

This series of 53 patients includes 35 abdominal, 16 thoracic, and two 
extremity operations The volume of blood and/or plasma administered 
was 1500 to 3000 cc m 40 patients, and 3000 to 7000 cc in the lemainder 
The rate of admimstiation was 1500 to 2500 cc given over a period of two 
to six hours in most patients Sodium citrate, 2 5 Gm for each 500 cc of 
whole blood, and 40 Gm for each 500 cc of plasma was the anticoagulant 
routinely employed 

The blood pressure on some of the above patients fell below 80 mm Hg 
during operation, but shock was seldom seen following the transfusion 
According to blood studies niade before and following operation no patient 
was overtransfused and their good postoperative condition emphasized the 
importance of replacement of blood loss Transfusion reactions such as 
pulmonary edema or acute hemoKsis from mismatched blood were not 
obsen^ed 

It IS obvious from the data presented that the clinical experience with 
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massive transfusions of citrated blood m our patients was at variance with 
the views that Ivy, and his coworkers, gamed from their investigation Thus, 
experiments were planned to test the influence of various factors which might 
contribute to the harmful effects of massive transfusions of citrated whole 
blood 


EXPERIMENTAL METHODS 

Mongrel dogs weighing 7 to 14 Kg were given morphine sulphate Gm 
0015 and novocaine infiltration or ether anesthesia Ether was found to be 
very satisfactory and was employed in most of the animals while the vessels 
were being cannulated, after which the administration of anesthesia was 
discontinued All animals which survived the experiment were observed 
for two days or longer for evidence of citrate intoxication Nonsterile technic 
was used in cannulating the femoral vessels for kymographic recording of 
arterial blood pressure, bleeding and the administration of blood or solutions 
Kymographic tracings of respiratory activity were made by means of a 
bellows secured to the chest and connected with a mercury manometer 


DOa 654 Wt 11 3 Kg novocains 

Sodium citrate 0 24 gm /Kg (0 sol ) In 10 minutes 



* Manometer not working 


Fic I — Dog 6 s 4 Injection of sodium citrate was begun at A and ended ten minutes later at B 
ISote relatively little alteration of blood pressure curve There was some increase in respiratory 
activity during the latter half of the period of injection The animal showed no late citrate reaction 


TYPES OP EXPERIMENTS 

I The Effect of Sodtum Citrate in Normal Dogs — ^This was studied in 
23 animals which were divided into three groups according to the amount 
of sodium citrate per kilogram of body weight injected As seen in Table i, 
they were subdivided according to the rate of administration of the solution 
In Group A the animals received o i8 to o 25 Gm /Kg of body weight 
The rate of administration varied from 2 5 to 30 minutes as may be observed 
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in the table Two of five animals receiving this dosage in 2 5 to 10 minutes 
died One of the four animals receiving the injection m 11 to 20 minutes 
expired, whereas all of four animals receiving the administration in the 
30-minute period survived Figure i shows kymographic tracings of arterial 
blood pressure and respiratory activity of Dog 654 which survived o 24 Gm 

Fig 2 


POO 67 1 irt 11 8 Kg Ether 

Sodlua Citrate 0 4o gm /Kg (2 5 % sol ) In 30 minutoa 



POO 6S5 Wt 10 5 Kg. Ether 


Sodlua citrate 0 95 gm /Eg» (2 5 % eol ) In 2 houra 



Rcspiration 


Fig 3 

671 The injection of citrate was begun at A and was stopped at B Note rela 
lively nttle alteration in blood pressure tracing until the sudden drop shortly before the injection was 
completed Some increase in respiratory activity is seen during the middle portion of the injection 
No attempt was made to revive the animal 

Fig 3 -—Dog 66 s Injection of sodium citrate was begun at A and continued until B Note 
relatively little alteration m blood pressure or respiratory activity throughout the injection The dog 
was Joilowed tor 2 5 weeks and showed no evidence of citrate reaction 

of sodium citrate per kilo of body weight (or sufficient to cover 6o per cent 
of the estimated blood volume) given intravenously during a ten-minute 
period 

In the second group of four animals, o 29 to o 40 Gm /Kg of body 
weight of sodium citrate were given in 13 to 30 minutes — and all of the 
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animais died Figure 2 shows the tracings of Dog 671 which died following 
the intravenous administration of 040 Gm Kg body weight of sodium 
citrate (25 per cent solution) given over a 30-minute period 

In the third group, six animais received o 47 to 1 03 Gm /Kg of 
sodium citrate Two of the six received the injection m 18 to 33 minutes — 
and both animals expired In the remaining four, the administration time 
was 90 to 120 minutes Three of this lattei group suivived (See Fig 3) 


•poa 709 nt. 8.5 Kg. Ether 

Sodluo citrate 1 0 gm /Kg. ( 2 . 5 % sol ) In ai minutes 

Calcium gluconate 4.0 gm. given before and during Infusion. 



Tig 4 — Dog 709 Two grams of calciom gluconate were gircn at the first Ca and the injection of 
sodium citrate was begun at A A second injection of calcium gluconate (3 Gm ) was given at the 
end of 30 minutes and the injection of sodmn citrate completed at B The blood pressure was 
approximately the same at the end of the experiment as at the beginning and little change was noted 
in respiratory activity The animal showed no evidence of citrate intoxication following the experiment 

From the above experiments it was concluded that normal dogs tolerate 
approximately o 25 grams of sodium citrate per kilogram of body weight 
(or sufficient to covei 60 per cent of the estimated blood volume with a 
041 per cent solution) when not injected too rapidly (over a period of 
20 minutes or longer) 

2 The Influence of Calcium Gluconale on Citiate Intoxication in Noimal 
Dogs — In four animals, 087 to i 14 grams of sodium citrate per kilogram 
of body iveight were injected during a period of 20 to 38 minutes When 
signs of citrate intoxication occurred, calcium gluconate, four to six grams 
(20 per cent solution) w^ere slowly administered in divided doses One of the 
animals expired due to a delay m the injection of the calcium Figure 4 shoivs 
the tracing of Dog 709 wjiich survived following the intravenous injection 
of I Gm of sodium citrate per kilogram of body weight, given over a 21- 
inmute period Calcium gluconate Gm 2 w'ere given before and during 
the infusion (total of 4 Gm ) 
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These experiments demonstrate that when lomzable calcium is made 
available, a higher concentration and a larger amount of sodium citrate may 
be given moie rapidly without fatality (i Gm per kilogram in 20 to 
28 minutes) 

3 The Effect of Antotf ansfuston with CtUated Whole Blood Following 
a Hemouhage of 20 to 60 pei cent of the Estimated Blood Volume — Eleven 



BtSPlWkTlON 


r*® 5 — Dog 672 The dog ^\as bled loo cc at the five points marked X for a total of 500 cc 
Replacement of citraled ^vhoIe blood was begun at A and ended at B Note return of blood pressure 
to approximately the prehemorrhage levei The animal was followed for one week and showed no 
evidence of late citrate reactions 


dogs w^ere bled into a receptacle containing sodium citrate until they were 
m extreme shock (blood pressure from 30 to 45 mm Hg ) The citrated 
(o 41 per cent) blood was then used for transfusing the animal In three 
animals o 14 to o 21 Gm of sodium citrate per kilogram of body weight w'as 
introduced wuth the transfusion during an ii- to 12-minute period All 
three animals expired In the remaining eight dogs, o 12 to o 25 Gm /Kg 
of sodium citrate were administered in the transfusion over a period of 
18 to 36 minutes All of these animals survived 

Figure 5 show's the tracing of Dog 672 in which seveie shock was pro- 
duced by bleeding 41 per cent of the estimated blood volume The blood 
was citrated (041 per cent) and returned to the animal in 18 minutes, 
wuth survival of the animal 

These experiments demonstrate that normal dogs wnll tolerate replace- 
ment with citrated whole blood after severe shock due to hemorrhage of 20 
to 60 per cent of the estimated blood volume (using sodium citrate to cover 
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35 to 6o per cent of the blood volume) when given over a period of 20 
to 35 minutes 

4 The Influence of Calcium Gluconate in Autoiransjusion with Citrated 
Whole Blood Following a Hemorrhage oj 26-70 per cent of the EshmatfCd 
Blood Volume — As in the preceding group, these animals were bled into a 
known amount of sodium citrate When an extreme degree of shock was 
reached the citrated blood was then given intravenously Four animals 
received o 24 to i o Gm /Kg of sodium citrate m the transfusion given over a 
period of 3 to 13 minutes without fatality Four to 7 Gm of calcium gluconate 

POO 697 Wt 8 0 ICg Ethor 

Bled on three occeelona, 76^, 76 7lC and 83)C of eatlnated blood 
volume Autotranafualon irlth citrated whole blood In 7, 5 and 
3 mlnutea With the lat & 3rd tranafualona, calcium gluconate 
(A gma ) waa given when algns of citrate Intomlcatlon appeared 



Fig 6 — Dog 697 The first bleeding of 610 cc is indicated by the first two Xs Replacement 
with citrated whole blood was begun at A and ended at B At Ca when citrate intoxication was 
becoming manitest 4 Gtn of calcium gluconate were rapidly injected and produced an immediate rise 
in blood pressure A second hemorrhage of 614 cc produced at the a Xs was made approximately 17 
minutes after the first replacement was completed Replacement with citrated whole blood was begun 
at A and ended at B with no evidence of citiate reaction A third hemorrhage of 665 cc was made 
at X and again replacement was started at A and ended at B Following this last replacement note 
marked citrate intoxication from which the animal could not be revived by the use of 4 Gm of 
calcium gluconate 


were used (See Fig 6 — ^Dog 697) Thus, it is seen that a larger blood loss 
and replacement with a higher concentration of sodium citrate given more 
rapidly (3 to 13 minutes) was tolerated when calcium gluconate was 
administered 

5 The Replacement oj Blood Loss with Physiologic Saline Solution 
Follozving a Hemorrhage of 27 to 50 per cent oj the Estimated Blood Volume 
Eleven dogs were bled until extreme shock was produced In five of 
these, replacement of the blood loss with an equal amount of physiologic 
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saline m a period of four to six minutes was carried out with no deaths 
In the remaining six animals, replacement of the blood loss was made with 
an equal amount of physiologic saline plus the use of 3 3 to 6 o Gm of calcium 
gluconate over a period of 3 to 18 minutes All of these animals survived 
(See Fig 7) Thus, bleeding of 30 to 50 per cent of the estimated blood 
volume and replacement with a similar amount of physiologic saline, with 
or without the addition of calcium gluconate, administered in 3 to 25 
minutes was well tolerated 

6. Smmltaiieons Bleeduig and Replacement oj Blood Loss imth Pfepaied 
Citrated (0 41 per cent) Whole Blood With and Without the Administration 
of Calcium Glnconate — A Without Calcium Gluconate The amount bled 
in four dogs varied from 80 to 132 per cent of the estimated blood volume 
The rate of bleeding varied from 37 to 165 minutes Sodium citrate, o 5 
to o 73 Gm /Kg of body weight were received m the transfusion Two 
of the four animals survived One of these was' bled and transfused ap- 
proximately 90 per cent of the estimated blood volume over a period of two 
hours The other was bled and transfused 80 per cent of the estimated 
blood volume over a period of one hour A third animal was bled and 
transfused 87 4 per cent of the estimated blood volume over a period of 30 
minutes, at which time he expired The fourth was bled and transfused 
132 3 per cent of the estimated blood volume over a period of 2 75 hours 
At the end of that period the bleeding and transfusion weie stopped when 
a rapid blood pressure fall was observed The blood pressure then returned 
spontaneously to normal However, the animal expired approximately one 
hour later (See Fig 8) 

B With Calcium Gluconate (4 o to 8 o Gm ) — Eight animals are included 
in this group and were either given small amounts of calcium gluconate 
during the period of transfusion, or the injections of calcium gluconate 
were given when the blood pressure fall indicated that the dog would no longer 
survive The eight animals were bled and transfused approximately 100 
to 200 per cent of the estimated blood volume over a period of from one 
to two hours The amount of sodium citrate received in the transfused 
blood was from o 5 to 1 o Gm /Kg of body weight When calcium gluconate 
was withheld until citrate intoxication was manifest, the blood pressure 
fell rapidly and the arterial blood became very dark Respiratory activity 
sometimes remained unchanged, but was usually somewhat more active 
Three of the eight dogs were allowed to bleed 150, 100 and 180 per cent 
of their estimated blood volume until the blood pressure fell to 60, 42 and 
30 mm Hg , respectively, before calcium gluconate was injected All 
three responded immediately to calcium gluconate and survived the experi- 
ment (See Dogs 933, 997 and 2 of Table II) AH eight of the animals 
sunuved following the injection of calcium gluconate Figure 9, Dog 997, 
shows the blood pressure and respiratory tracing during bleeding and 
replacement of 175 per cent of the estimated blood volume in two hours 
Four grams of calcium gluconate were used 
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Fio 7 

P0[> 769 Wt 11 1 Kg Ethor 

Bl6d 39^ of satlnated blood voluna In 6 nlnutea 
Heplsead with alnllar anount of phyalologlcal 
saline solution In 6 nlnutea 



POO 813 Wt 8 5 KS Ether 

Bled 13a< of oatlnatod blood volune In 3 boura with elnultaneoua 
tranafuelon of cltrated blood (0 83 go /Kg of eodlua citrate) 


A 



1 1 1 I I I 1 1 1 1 I I t 

Hours I Z 3 


Respiration 


Fig 8 

Fig 7 — Dog 769 Bleeding was begun at X and continued for approximately six minutes when 
a total of 325 cc had been removed Replacement with physiologic saline solution was begun at A 
and ended at B Note return of blood pressure to a somewhat lower level than was present before the 
hemorrhage The animal died two davs following the experiment of distemper 

Fig 8 — Dog 818 Bleeding and transfusion of citrated (041%) whole blood were begun at A 
and continued until B when both bleeding and transfusion were stopped Note continued lowering of 
blood pressure to approximately 25 Mm of mercury and spontaneous return to the same level as before 
expenraent was begun Tetanic contractions were observed after the blood pressure returned to a 
normal level The dog expired approximately one hour following the completion of the experiment 
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From these experiments it was concluded that normal dogs tolerate 
simultaneous bleeding and transfusion of citrated whole blood amounting to 
as much as 75 to 125 per cent of the estimated blood volume When calcium 
gluconate was added, as much as 200 per cent of the estimated blood volume 
was removed and replaced without fatality 

Comment — Since the introduction of tiansfusion of citrated blood in 
1915 by Lewisohn,^ considerable study has been made regarding its value 
and its disadvantages Many of the reactions attributed to the citrate during 
Its early use^°' have subsequently been proven to be on the basis of 
pyrogenic substances or to mismatching of the blood 

The toxicity of sodium citrate was demonstrated in dogs by Lewisohn,® 
and in man by Krautwald and Dorow These workers found that laige 
doses of citrate were necessary to produce harmful effects and that the 
rate of injection was an important factor (Krautwald and Dorow) This 
was likewise the case in our experiment When the late of injection of 
sodium citrate alone or as citrated blood was comparable to transfusions 
of 1000 cc of blood per hour in man, as much as o 24 Gm /Kg of body 
weight, or sufficient for use in 60 per cent of the estimated blood volume, 
was safely tolerated If the administration was over a very short period, 
t e , sufficient citrate for 60 per cent of the estimated blood volume given 
m 10 to 12 minutes, the action was usually fatal This latter finding was 
similar to the results of Ivy, and his coworkers, who found that a high per- 
centage of animals expired following leplacement of severe blood loss by 
citrated whole blood or plasma during a five-mmute period It would be 
practically impossible however to duplicate clinically so rapid a rate of 
administration, since this would necessitate the giving of over 4000 cc of 
blood to a yO'Kg man during a five-minute period 

In the group of ii animals in which physiologic saline solution was 
used to replace loss of blood from severe hemorrhage, no untoward effects 
were noted These animals were followed for some time following the 
experiment and no late reactions were manifested The amount of hemorrhage 
was sufficient to produce extreme shock in all cases Our results did not 
compare with those of Ivy, and his coworkers, in this regard, although the 
rate of administration was practically the same, namely, four to six 
minutes It appeared to make little difference when calcium gluconate was 
given with the saline solution 

In the group of 12 animals where replacement of blood loss with citrated 
whole blood was carried out simultaneously with the bleeding, the procedure 
was similar to that described by Bruneau and Graham Some degree of 
fall in blood pressure was produced in their animals with each successive 
bleeding, and perhaps might have accounted for the shorter period of time 
which their animals sur\ ived (approximately 9 25 bleedings or 92 5 per 
cent of the estimated blood volume in 4 5 hours) as compared with ours 
(approximately 112 per cent of the estimated blood volume m i i hours) 
The results of their experiments agree with ours in that animals may tolerate 
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the replacement of massive blood loss with citrated whole blood when given 
at the rate currently employed m man, namely 500 to 1000 cc of blood per 
hour Our experiments would seem to indicate that animals in whom shock 
has been produced are able to tolerate citrated whole blood somewhat less 
well than animals m whom shock is prevented by the administration of 


DOg 997 Wt 7 0 Kg Ether 

Bled nsf of estimated hlood volume In 2 hours with simultaneous 
trsnsfuBlonBof citrated hlood (O 87 gm /Kg of sodium citrate) 

2 grane of calcium gluconate administered on 2 occasions vhen signs 
of citrate Intoxication appeared Ca. 



J 1 I I I I L 



Fig 9 — Dog 997 Simultaneous bleeding and transfusion of citrated (051%) whole blood were 
begun at A Note change in character of blood pressure tracing beginning one half hour after the 
experiment started, with a sudden fail occurring approximately one hour after the experiment was 
begun Both bleeding and transfusion were stopped at B at whicTi time a sample of arterial blood was 
removed for study The arterial blood was extremely dark and the eje reflexes were almost absent 
Two grams of calcium gluconate were injected at Ca (near the bottom of the blood pressure tracing) 
with almost immediate response of cardiac and respiratory activity The color of the blood and the eye 
reflexes returned to normal within two or three minutes Bleeding and transfusion were again started 
at Ax Towards the end of the second hour, 2 Gm of calcium gluconate Mere again injected along 
Mith the transfused blood Tins ra sed the blood pressure to approximately the preexperimental level 
Bleeding and transfusion were discontinued at B The animal was followed for a period of three weeks 
and shoMcd no evidence of late citrate reaction 


Citrated whole blood during the bleeding period Thus, it would seem that 
the rate of administration of citrated blood should be somewhat slower m 
those patients where severe shock has already been produced by massive 
hemorrhages 

The picture of citrate intoxication was similar regardless of the type 
of experiment in which it was observed Alterations in blood pressure 
tracings were at times observed for several minutes prior to a rapid terminal 
fall (See Figs 8 and 9) Likewise, some change in respiratory activity 
was usually present for several minutes before fatal intoxication occurred 
Respiratory failure was never observed prior to cardiac failure Muscular 
reactions were variable although some of the experiments were made under 
local anesthesia Definite tetanic contractions were present in some of the 
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latter group when citrate intoxication occurred Eye reflexes usually became 
very sluggish and were at times completely absent when extreme intoxica- 
tion occurred 

The blood findings in severe citrate intoxication were quite dramatic 
The color of the blood became very dark red (almost black) and gas 
analyses revealed that the oxygen was as low as three to four volumes per 
cent. Severe acidosis was observed, the pn falling from an original 7 4 down 
to as low as 7 15 This was thought to have been due in part at least to the 
use of citrated blood which showed a marked reduction in serum carbon 
dioxide and had a of 7 25 The mechanism of citrate intoxication is 
under further investigation at the present time 

The Use of Calcium Gluconate in Preventing or Treating Citrate Intoxi- 
cation Calcium gluconate was used to prevent citrate intoxication both where 
sodium citrate alone was given to normal animals, and when it was used m 
blood for the replacement of blood loss In either case it was extremely 
effective in preventing or overcoming citrate intoxication Within a period 
of two to three minutes, the blood pressure and respiratory activity returned 
to normal The color of the blood which had become extremely dark also 
returned to a normal bright red and gas analyses revealed a normal oxygen 
content The eye reflexes which had become very sluggish returned to a 
normal state The amount of calcium usually employed m 7 to 14 Kg 
animals was approximately 4 Gm (20 cc of a 20 per cent solution) for the 
replacement of 60 to 100 per cent of the estimated blood volume When 
animals were allowed to bleed as much as 200 per cent of the estimated blood 
volume, as much as 8 Gm were given The experiments were not carried 
further than 200 per cent of the blood volume, and all of the eight animals 
which received calcium gluconate in this group survived the experiment 
The clinical application of calcium therapy in citrate intoxication has 
already been reported by Hill and Muirhead In the use of concentrated 
plasma the danger of citrate reactions is somewhat greater than in the 
use of citrated blood due to the increased amount of citrate needed These 
authors stated that citrate reactions m their clinical experience were a 
rarity They, however, produced this condition intentionally in four patients, 
the reaction being prevented or stopped once it had developed, by the use 
of 3 to 10 cc of calcium chloride or calcium gluconate In view of our 
experiments it would seem desirable to have calcium gluconate or calcium 
chloride available for immediate use when massive transfusions of citrated 
blood were expected to be administered over an extremely short period of time 

SUMMARY AND CONCLUSIONS 

Massive transfusions of citrated whole blood for the treatment of extreme 
shock (blood pressure of 30-45 mm Hg ) produced by hemorrhage of as 
much as 60 per cent of the estimated blood volume were safely tolerated 
in dogs when the replacement of blood loss was made during a period of 
20 minutes or longer 
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Table I 


Effect of Sodium Citrate in Normal Dogs 


Amount of Sodium Citrate — in Gm /Kg 

Time of 

Number of 


of Body Weight 

Infusion 

Dogs 

Died 

A 0 18-0 25 

2 5 — 10 minutes 

5 

2 


11 — 20 minutes 

4 

1* 


30 — 

4 

0 

B 0 29-0 40 

13 — 30 minutes 

4 

4 

C 0 47-1 03 

18 — 33 minutes 

2 

2 


90 — 120 minutes 

4 

1 

* Received 0 25 Gm /Kg in a 15 minute period 




Showing the effect of sodium citrate 

in 23 normal dogs Note 

that the 

rate of 

injection was an important factor in the production of intoxication 




Table II 

simultaneous bleeding and replacement with citrated (0 41%) whole blood 
Per Cent of Estimated 


Dog 

Blood Volume 

Time m 

Calcium 


No 

Bled 

Hours 

Gluconate 

Results 

793 

90 

2 

None 

No ill effects observed Sacrificed 48 hours 

811 

80 

1 

None 

No ill effects observed Sacrificed 8 days 

816 

87 4 

0 66 

None 

Died Sudden fall in blood pressure Blood very dark 

818 

132 3 

2 75 

None 

Died Sudden fall in blood pressure Blood very dark 

896 

101 

1 

6 Gm 

No ill effects Sacrificed 8 days 

898 

105 

1 

4 Gm 

No ill effects Sacrificed 12 days 

899 

122 

1 25 

4 Gm 

No ill effects Sacrificed 4 days 

916 

200 

2 

8 Gm 

No ill effects Died 3 days PO — wound infection 

933 

150 

1 5 

4 Gm 

Revived with calcium after bleeding 150% of esti- 
mated blood volume Sacrificed 18 days 

937 

200 

2 

8 Gm 

Revived with calcium after bleeding 75% Sacrificed 
4 days 

997 

175 

1 75 

4 Gm 

Revited with calcium after bleeding 180% Died 
5 days of infection 

2 

200 

2 

6 Gm 

Revived with calcium after 100% bleeding Sacri 
ficed 3 weeks 


Detailed results in 12 animals winch tvere bled and transfused with citrated (o 41 
per cent) whole blood simultaneously Eight of the animals received calcium gluconate 
when signs of toxicity were present or during the experiment preventing intoxication by 
the citrate All of the animals receiving calcium gluconate survived the experiment 


When bleeding and transfusions were conducted simultaneously, an 
average of 112 per cent of the estimated blood volume was exchanged during 
a period of 70 minutes before the animal expired This would correspond 
to a transfusion of 7840 cc of blood given during the same period of time 
for a 70-Kg man When the rate of bleeding and transfusion was less 
rapid, a larger volume was exchanged without reaction 

Thus, a large margin of safety is present even in massive transfusions 
of citrated whole blood or plasma when the administration is at a maximum 
rate currently employed in man (1000 cc per hour) 

Calcium gluconate w^as very effective in preventing or alleviating citrate 
intoxication when very large doses of citrate had been administered during 
a short period of time 

We are indebted to Dr Lillian Eichelberger for the blood studies made 
in this experiment 
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Major Laurence M Quilu, M C , and Colonel John C Burch, M C 

AnatY OF THE Ukited States 

FROM THE SURGICAL SERVICE OF THE BROOKE GENERAL HOSPITAL, FORT SAM HOUSTON, TEXAS 

An interesting development associated with the war’s world-wide mi- 
gration IS exposure to circumscribed endemic disease This focuses attention 
on hitherto local problems such as coccidioidomycosis, sometimes known as 
California disease, Valley fever, or coccidioidal granuloma 

The disease occurs in two forms, localized and disseminated The latter 
form, or coccidioidal granuloma, was first reported in the United States by 
Rixford’^ in 1894 Only one previous case, that reported by Psoades and 
Wernicke^ m 1892, from the Argentine, occurs in the world literature 
On account of its unusual features and grave prognosis, the disease attracted 
great attention In 1938, Dickson and Gifford^ discovered that an influenza- 
like state affecting residents of the San Joaquin Valley was m reality the 
primary, or localized, form of coccidioidomycosis This disease has been 
referred to also as San Joaquin fever, Valle}' fever, and desert rheumatism 
Smith,^ in 1940, and Emmons,'’* in 1943, have made important contributions 
to its epidemiology 

In addition to the San Joaquin Valley, the disease is endemic in certain 
and regions of Arizona, New Mexico, Mexico, and Texas In the latter state 
the distribution of cases is fairly widespread (Fig i) There are also endemic 
foci in the Chaco region of Argentina and in Italy, two cases having been 
reported by Jocano® from the general area of the present battlefields 

The causative organism was first thought to be protozoan, but, m 1900, 
Ophuls and MoffeP proved it to be a fungus There are two phases in its 
life cycle, a vegetative and a parasitic In tissue the organisms appear as 
double contoured spherules of variable size containing endospores The 
appearance of these spherules is characteristic and their identification m tissue 
IS diagnostic of the disease (Fig 2) The endospore-contaimng spherules 
grow out on artificial culture medium, suitable soil or vegetation as a white 
fluffy mold Microscopically, the growth is composed of interlacing inyceha 
■with tiny chlamydospores attached to the aerial hyphae 

Infection in the primary form is the result of inhalation, or, rarely, 
inoculation of the chlamydospores which have grown out on the soil or vege- 
tation of the endemic areas A recent epidemic® has been traced to inhalation 
of dust, and the chlamydospores were recovered from the soil which was the 
source of the dust Several recent mild epidemics®’ have occurred in 
soldiers encamped in an endemic area Emmons® attaches considerable im- 
portance to certain wild rodents in the area of infection and states that the 


* Read before the American Surgical Absociation, May 3-4, 1944, Chicago, 111 
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disease is primarily a rodent disease which is transmitted frequently, but 
accidentally, to man through the medium of contaminated soil. 

It is unlikely the disease can become established m new areas by the 
migration of infected persons Other factors such as climate and perhaps 
the presence of suitable animal species as hosts are necessary Man to man 
contact transmission is unknown The parasitic spherule is not very infectious 
and must first grow as the vegetative form All authorities agree it is pointless 
to isolate patients with the disease However, care should be taken in the 
disposal of sputa and dressings 



ViG 1 — Showing the fairly widespread distribution of 
coccidioidomycosis in Texas 

The primary disease in an endemic area is widely distributed In the San 
Joaquin Valley three-fourths of the ten year residents have been infected 
Outside of the endemic areas traces of the disease can be found In an 
Eastern Preparatory School of 680 students, 17, or 2 5 per cent, showed evi- 
dence of past primary infection (Aronson and Gallagher’^^) None of these 
had previously been diagnosed 

The secondary form or coccidioidal granuloma is much rarer It occurs 
about once for every three to four hundred primary cases Approximately 
790 cases of coccidioidal granuloma have been recorded to date It is not 
due to reinfection but to a failure of the host to localize, or keep localized, his 
primary infection Development of the granulomatous form usually quickly 
occurs following the primary infection, but in certain cases the inter\fal may 
be years This fact plus a migrating population indicates the probable 
occurrence of cases of the granulomatous form in many new areas The 
problem is, therefore, of general as well as local interest 

The primary infection is commonly accompanied by signs and symptoms 
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of a mild respiratory infection, usually bronchitis, with a productive cough 
In addition, theie may be chills, fever, anorexia, malaise, backache, and joint 
pains Within the first i8 days erythema nodosum appears in 2 per cent to 
15 pel cent of cases 

The leukocyte count is vanahle Eosinoplnha occuis fairly regularly late 
in the disease The sedimentation late is usuall}' elevated The sputum 
contains the diagnostic spherules during the active stage If they are not found 
in wet prepai ations, the sputa may he cultured If the fungus is present, 
it can be identified by animal inoculation and iccovery of the spherules 

Roentgenograms may reveal only tiansicnt changes in the lung fields 
Sometimes theie are nodular areas of pneumonitis Exudative lesions ma} 
be associated with cavitation The caMties arc usually single, may close 
spontaneously, hut have a tendency to persist Cavitation is the only lesion 
ot surgical inteiest occuning in the primary phase 



Tig 2 — Cocctdwxdcs tmmitis Pliofoniicrognm of tlic organism in tissue 


Once the primary infection has been localized a high degiee of immunity 
develops Patients once having had the disease react to an extract of the 
organism somewhat as to tuberculin This coccidioidin test depends on a skin 
sensitivity to a polysaccharide substance combined with a nitrogenous radical 
and is an allergic manifestation The usual dilutions used are i 1000 and 
I 100 The test is read at 24, 48, and 72 hours Recoveied cases^ have 
reacted as long as nine years after the primary infection The test is relatively 
disease-specific A negative® reaction tends to exclude the possibility of 
infection, while a positive indicates past or present infection There is also 
a complement fixation test and a precipitin reaction It is said that in 
disseminated granuloma complement fixation titer is high and precipitin 
titer IS low 

When the infection is overwhelming, or the host’s resistance inadequate, 
Qissemination occurs The disseminated form is more common in young adult 
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males Any tissue of the body can be involved except the gastro-mtestinal 
tract The individual lesions are usually granulomatous cold abscesses A 
variety of surgical conditions can be simulated The following cases are 
illustrative 

ILLUSTRATIVE CASE REPORTS 

Case I— A 31-year-old soldier was admitted to the Station Hospital, Randolph 
Field, Texas, August 4, 1943, complaining of pain in the RLQ of his abdomen of two 
weeks duration The pain w'as intermittent Foi the two days prior to admission it 
had grown progressnely w’orse and w'as associated w'lth nausea, vomiting and anorexia 
The past history was entirely negative He had never been outside of Texas Physical 
examination revealed no abnormal findings except well localized tenderness in the RLQ 
of the abdomen, marked rigidity of the right rectus muscle, and rebound tenderness 
The white blood count was 11,000 w'lth 76 per cent polys A diagnosis of appendicitis 



Pic 3 — Case 1 Roentgenograms showing partial atelectasis of the right lower lobe md 
invohement of the 7th and 8th dorsal \ertebrae, with rib invasion 


was made and the abdomen opened The peritoneum was thickened and minute tubercles 
were noted on the bowel The mesenteric nodes were enlarged Postoperatively, the 
patient developed a persistent atelectasis in the right chest He was transferred to 
Brooke General Hospital Roentgenograms of the chest showed, in addition to the partial 
atelectasis of the right low^er lobe, a destructive lesion in the transverse processes of 
the seventh and the eighth dorsal vertebrae The temperature was elevated dailj to 
102° F The atelectasis in the right lung field cleared The abdominal wound healed 
pc} ptimam The pathologist reported the presence of Coccidioidcs inumtis in the 
tubercles on the mesenterv of the removed appendix The lesion in the thoracic spine 
spread rapidlj and tliere was invasion of the ribs (Fig 3) Coccidioidin skni test, 
dilution I 1000, was negative The patient’s condition was rapidlj downhill and he 
expired on September 23, 1943 The duration of the disease was approximatel}' two 
months Necropsy revealed widespread infiltration of the lungs, peritoneum, vertebrae 
meninges, liver, spleen, and kidnevs jMicroscopic studv of the lesions showed the 
presence of large numbers of Coccidioidcs tvnmfis 

Case 2— A. 20-vear-old soldier entered Brooke General Hospital October 12, loti 
coniplammg of pain m the upper abdomen This had started about three months prior 
to admission It was not affected bv the taking ot food Anorexia and weight loss 
were marked There were daiiv elev^ations of temperature The past historv was negative 
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He was a natne of Noitli Carolina and had been stationed at I'oit Clark, Texas, for 
SIX months At Fort Clark Station Flospital an abscess in the right groin had been 
incised under local anesthesia Roentgenologic examination shoued cMdeiice ot a mass 
to the left of the dorsal veitebrae (Fig 4) \ transfer diagnosis of “Pott’s disease’’ 

was made On admission to Brooke General Hospital, iihjsical ex.imiiiatioii reeealed 
a draining sinus in the right gioin There was an abscess, about 5 cm in dunieter, to 
the right of the lumbosacral junction The patient was acutcK ill Temperature ranged 
to 104° F Bacteriologic studies of the material from the lesions 111 the right groin 
and back w'crc negative Graduallv another abseess dee eloped o\er the \ertex ot 
the skull, and roentgenograms showed destruetioii of both tables of bone It was 
then decided to excise the infected cranial hone, and this was done, Noe ember 2, I 043 
■Ml infected bone teas curetted out and the eeoiind closed I he pathologist louiid the 



Fir 4 1 iG s 

Ik I — C ISC 2 Uticnteciiof,r nil stiowmi, ceulciicc of miss to tlic left of tlie tUir- il 

ecricbrac 

Fig 5 — C ise 3 I{oeiit''ciiot,niii showitit, irtas of consolid ition 111 both lung fields, uit 1 

uidciiiii, of tbc mcdi istimim 

tjpwal diagnostie sphciules in the material remoecd at operation The scalp eeoiind did 
eeell for a short period but tbeicafter the eeound bioke doeen, eeith eeidence ol secondare 
infection The patient’s course ee'as rapidlj" doevnliill, eeith eeidcspiead dissemination 
of the lesions, and he expired November 24 1943 Duration of disease eeas approximatele 
four months At autopsy, there ee'as ee'idcspread mvolecment of the lungs, bones, beer, 
spleen, kidneys and pancreas Microscopic study of tbc infected tissues slioeecd the 
presence of Coccidwtdes wunths in great number 

Case 3 — A 22-year-old soldier entered the Station Hospital, Moore Field, Texas, 
A-ugust 7, 1942, complaining of cough and generalized weakness Past Instore was 
negative He was a native of Oregon, and had been stationed at Aloore Field foi one 
vear The clinical diagnosis was pneumonia Roentgenograms of the chest showed areas 
of consolidation m both lung fields, with widening of the mediastinum (Fig 5) There 
e^as a rathe- large node behind the right stcrnomastoid Laboratory studies reeealed a 
w'hite count which varied from 10,000 to 24,500, w'lth a rising eosinophil count of 2 
per cent to 33 per cent He was transferred to Brooke General Hospital and September 
12, 1942, the lymph node was removed from the neck A diagnosis of coccidioidomycosis 
w'as made by microscopic study of the node and identification of Coccidwtdcs wiimtis 
Coccidioidin skin test, dilution i 1000, w'as negatne The patient’s course x\as rapidlv 
downhill, W'lth w'ldespread dissemination of the infectious process He expired Octobei 
22, 1942 Duration of disease w'as approximately eight w'eeks Necropsy was done, and 
the pathologic diagnosis of coccidioidomvcosic, w'lth involvement of the lungs, lymph nodes 
Iner, spleen adrenals kidneys skin, meninges, and brain established 
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Case 4 — A 30-year-old soldier entered the Station Hospital, Hondo Field, Texas, 
September 3, 1943, complaining ot pain m the lower poition of his back, coughing and 
occasional gastric upsets He had been a resident of Tennessee, and had been stationed 
at Hondo Field for six months Physical examination was entirely negative except for 
the presence ot a daily febrile reaction to 102” F Complete laboratory and roentgeno- 
logic studies were done — all of which were negative, with the exception of a secondary 
anemia Latei, there was a progressive rise in eosinophils up to 30 per cent He was 
transfeiied to Brooke General Hospital, October 2T, TQ43, undiagnosed Examination 
showed a tender mass, about 5 cm in diameter in the legion of the left sacro-iliac spine 


A 



I r 6 —Case 4 A Showing piinclate mottling of each lung field 

15 Tuu C Showing bon> ni\ohement, with nnrked debtructiou of the \ertebrTe 'ind nb*' 


It was fluctuant, but on aspiration \erj'- httlc pus could be obtained Roentgenograms 
of the spine were normal In the chest there was a punctate mottling of each lung field 
(Fig 6 A) A second fluctuant mass dec eloped o\er the sternum Aspirated material 
from this, now' revealed Coccidioidcs ununhs Coccioidin skin test, dilution i too 
and I 1000 was negative The patient’s course was rapmly downhill with daily 
temperature elevation of 101® F A gi anulomato is skin lesion developed on the left 
side of the nose Bony imohement, with marked destruction of the vertebrae and ribs 
vvas demonstrated late m the disease (Fig 6 B and 6 C) The patient expired January 
- 7 , 1944 Duration of the disease was approximatelv lour months A.utopsj was 
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performed and tlie diagnosis of coccidioidomvcosis, with iinohement of lungs, bone, 
peritoneum, meninges, skin and subcutaneous tissue, I\mpli nodes, kidnc\s, and adrenals 
was established 

Oui cases illnstiate the clinical similaiity of coccidioidal granuloma and 
ceitain common surgical conditions It is probable that more of these cases 
will find their wa}' to the suigical wauls in various paits of the country The 
diagnosis of coccidioidal granuloma is often surprising!}' easy The chief 
difficulty IS overlooking the possibility of its occuirence on account of its 
uaitv This can he avoided bv suspecting it in all cases suggesting tuberculosis 
in which the tubeicle bacillus is not tound The coccidioidin test was of no 
'value in oui cases This is piohahh due to the o\erw helming infection 
The demonstration of the oiganism in tissue or pus is the final stage in the 
diagnosis It ma} he suipiisingly eas} 

Oui experience in encounteiing these cases in the surgical wards is not 
unusual This is attested by the fact that isolated instances of similar cases 
aie depicted in the literature 

Martin^- reports two cases studied of which one simulated a spinal 
cord tumoi and the othei a ceiehellai tiimoi Craig and Dockerty’ ' found 
coccidioides m the wall of a cerebellar abscess Folc}, Low Broders, 
and Heilman’* had a patient with coccidioidal ostconnehtis of the skull 
Peeis Holman and Smith*' and Winn**’ have discussed the suigical aspects 
01 the pulmonary cavities Ruddock and Hope*' have reported a case of 
diffuse peiitonitis The joint changes aic discussed by Roscnbeig Dockerty, 
and Meyerdmg *® McMastei and Gilfillan*'* repoit 24 cases ha\ing bone 
and joint involvement Pipkm and Lehmair** ha\e diagnosed six cases of 
coccidioidomycosis with deimatologic lesions In a peisonal communication 
to the authois, they leported excellent lesults with tartar emetic and loent- 
genothei apy 

The piognosis of the disease is gia^e It is influenced largel} by the 
late of piogiession of the disease All of oui cases weie of the acute type 
In cases piogiessing less rapidly the piognosis should be bettei Numeious 
instances of airest of the disease are recoided In general, however 50 
pel cent of the cases of coccidioidal granuloma will die 

In coccidioidal gianuloma, suigical removal, if at all possible is piobably 
the piocedure of choice This wull be feasible m those laie cases in which 
the chlamydospores w'ere inoculated into the skin and a localized granuloma 
resulted Caldw'dP* repoits such a case in wdneh a child’s toe was amputated 
and a cure resulted 

Various drugs, such as colloidal copper, tartai emetic, and iodides, have 
been advocated Results aie equivocal Likewise, sulfonamide drugs*® are 
of no -value Penicillin'*-’-® does not inhibit the giowth of the mold in 
cultuie, and we have found it ineffective in the tieatinent of the disease 
TacobsoiP* has claimed good results fiom the intravenous administration of 
coccidioidin Recently, immune tiansfusions have been used wnth beneficial 
results in some instances *** 
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The pulmonar}' cavities are best treated conser\ atn el} If hemoptysis is 
se^ere pneumothorax has gi\en good results Peers, Holman and Smith^^ 
report a case in %\hich lobectoim ^^as perfonned because of fear of dissemina- 
tion Ho\\e\er m tins case there was a post-lobectomy emp}ema and 
coccidioides was found in the discharge In spite of this there was no dis- 
semination Other caMties in the same series were treated conser\ atu ely 
and with excellent results 

Blades”^ recenth performed a lobectoim at W’alter Reed General Hospital 
iipon a patient with coccidioidomycosis m which a single large cavity was 
present m the left upper lobe HemopUsis had been present m this patient 
tor two vears Surgerv was performed soleh because of the hemopt}sis, 
and an excellent result was obtained 
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Discossion — Di( IIowAitii C Naii/i lit, San I rinci'-eo I he paper ot Colonel 
Burch IS paitieularh timelj, for the profession will sureK ciieoniitei the ehioiiic forms 
of this disease 111 all paits of the countie 

The acute form is contiacted most often 111 the San Joiqum \ dice and the South- 
western States The infection is acquired qaickle he iieeecomcis and in ccrtiiii of our 
cities in the infected areas 75 pei cent of the popnlalioii slioee positive coecidioidin tests 
The annual icports of the Kcin Counte Dcpaitiiiciit of Public Flealth proeide surpiisiiig 
figures Onle' about one in fiec hundred of those eeho haec the acute \ allce Feecr 
dee^elop the chronic foim, and these are the dark skinned — the Ncgiocs, Mc\icans and 
South Euiopean types The acute cases usualle recoecr eeithout sequelae or compli- 
cations In the later phases of the acute tape aho it three pci cent develop crvtheina 
nodosum and occasional crvtheina multiformc Of those who develop the chronic nr 
granulomatous foim the mortditv is given it about S3-6o per cent, although it is our 
impiession that it ina} well he higher Flicrc is no specific thcrapv 

The oiganisms aie recov'ered from the sod and the preva'cnce 111 aieas is indi- 
cated by the incidence of the infection in the lodents The kicking up of dust on air 
fields IS ideal for dissemination of the fungus 

At the University of California and the San Fiancisco Hospitals of 31 piovcd cases 
only thiee vveie of the acute form Undoubtcdlv, we aie slower to lecogmi'c the acute 
form than the practitioners in the infected districts On the other hand we have had 
29 of the chionic 01 granulomatous foim Seventv pei cent of these vveie in men, which 
confoims to the general experience and one-thud of all hav'c been in the third decade 
of life Daik-skinned men between 20 and 30 vears of age are tvpical sufferers . 
Coccidioidal meningitis, in the absence of disseminated lesions, is apt to be missed 
Because of mteinal hj'droccphalus vve have mistaken it for a posterioi fossa tumor and 
lecogmzed it only at opeiation Involvement of the nervous 53 stem and its envelopes 
hav'e been noted bv Evans Raiid, Ingham, Couiville, jMorris, Craig and Dockert3' 

In the University of California Hospital the chronic form has constituted o 02 
per cent of the total admissions in the last ten vears 

Of the 29 chronic cases in botli oui hospitals the involvements hav'e been 

Lungs 10 

Skin and subcutaneous tissues S 

Bone and joint 8 

Meninges 4 

Generalized 7 
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This totals 37, but in sc\eial there was asjmptomatic lung invohement in addition to 
bone or skin changes 

Ain case of chionic disease tioin the San Joaquin Valley is suspect, and the 
sinnlanb to tuberculosis in biologic and laboratoiy reactions and in the clinical mani- 
festations IS close 

The coccidioidin skin test is a reliable index ot those w'ho have, or haAC had the 
disease, and it is probable that the sensitivitj persists through life The complement 
fixation test is evidence of the existence of the chronic or granulomatous affection 
These with cultures, giiinea-pig inoculations, direct reco\ery of the fungus from 
lesions, a high sedimentation rate and a moderate leukocytosis wuth some eosinophilia 
and spinal fluid culture are the diagnostic aids Laboratoiy w'orkers are prone to 
become infected Of our 31 cases — 29 of which w'cre chronic — the recorded mortality was 
34 per cent Se\en have disappeared, 12 aic still alive Two cuies lesulted where 
simple lesions of an extremity were treated bv amputation 
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EFFECTS OF BO’STNE ANTERIOR HYPOPHYSEAL EXTRACT 

ON 

URINARY BLADDER TRANSPLANTS IN YOUNG DOGS^ 

INCLUDING SOME OBSERVATIONS ON ITS EEFECTS ON 
ENDOCHONDRAL OSSIFICATION 

Martin Silberberg, M D , Herbert R Atherton, !M D , 

AND 

Glover H Gopher, M D 

St Loi'is, SIo 

FROM Tlir nriARTMENT OF SURGI R^ AM) Till IAl'OR^TOR^ OF RI SF RCII ISTIIOIOCT, 
MASIIINGTON UM\I RSITT SCIIOOI OF MFDICIM SAINT LOEIS MO 

Auioiransplani AT iON of uniiai} bladdci mucosa into the abdominal 
fasciae of dogs and rodents causes bone foimation in the connectne tissue 
surrounding the transplant,’ furthermore, in growing mice and guinea-pigs, 
giowth and aging of cartilage and bone can be intensified and acceleiated In 
the administration of antcnoi hypophyseal cvtiact* Correspondingl} in 
immature guinea-pigs and in young labbits, lepaii of fractured bones can 
I’kevvise be promoted by injection of anterior pituitaiy e\tiact ■"' ' and similail} , 
11. uiodele larvae, administration ot anterior h}pophyseal hormone enhances 
the various phases of regeneration subsequent to amputation of the tails ’• ” 

It seemed, theiefore, of inteiest to investigate, whether in young dogs 
bone foimation aiound transplanted bladdei mucosa might be affected by 
the administration of anterior hypophyseal hormone At the same time we 
intended to determine wdiether this hormone might influence skeletal giowdh 
and aging in young dogs, as it does in grownng lodents 

MATERIALS AND METHODS 

In ten young female dogs, urinaiy bladder mucosa w'as autotransplanted 
into the abdominal fascia Foi this purpose, tw'o incisions, approximate!)' 
five centiipeters in length, w'ere made on either side of the upper abdomen 
The anterior sheath of the rectus muscle w'as exposed and freed from all 
fat tissue The bleeding points weie controlled and the w’ounds packed 
with sterile gauze moistened wuth saline solution By a low' midline incision, 
the urinary bladder was exposed A poition of the bladdei tissue including 
the mucosa was removed, the bladder and the supiapubic w'ound w'eie closed 
111 layers The excised bladdei tissue, about 2 5 cm squai e, w'as sti etched, the 
mucosal layer gently removed and divided into tw'O equal sections Under 
aseptic precautions, these parts of the mucosa were sutured w'lth interiupted 
silk sutuies to the rectus fascia 

Five animals served as nomnjected controls The injected dogs w'ere 
divided into two groups In the one, the extract was given soon after the 
operation, in the second the treatment w'lth the extiact w'as delayed for tw'O 

Read by title before the American Surgical Association, May 3-4, 1944, Chicago, 111 
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weeks Bovine antenoi hypophyseal extract, freshly prepaied according to 
the method of Loeb and Basset, was injected intrapeiitoneally The daily 
dose varied from 20 to 30 cc depending on the w'eight of the animal The 
animals w^ere sacrificed at inteivals of 10, 12, 14, 28 and 42 days 

GROSS OBSERVATIONS 

There w'as no consistent change in the w'eights of the injected animals 
One injected dog died of pneumonia At the autopsy of the remaining injected 
dogs, the caitilage of the knee joint revealed enlaiged vessels and hypertiophy 
This condition w^as not observed in the noninjected animals Furthermore, 
w'hereas in the noninjected animals, the chondro-osseous junction of the ribs 
was even and smooth, 111 the injected dogs, it showed a bead-like sw^elling 
These changes were slight after two weeks of injections, but they became 
more accentuated, if the injections w’ere continued foi four or six weeks In 
the injected dogs, spleen, liver and kidney were found to be grossly un- 
changed, with the exception of one animal, w'hose spleen w^as twuce the usual 
size The endociine organs did not show any changes wuth the exception of 
the thyroid glands w'hich were enlarged in all cases The giafts did not 
exhibit noticeable alterations 

Tissue from the transplants, the chondro-osseous junction of the iibs, the 
thyroid glands, ovaues and pancreas, and in some instances liver and spleen 
were taken for histologic examination The bones were fixed in 10 per cent 
formalin, decalcified, embedded in celloidin and stained w'lth hematoxyhn-eosin 
The othei tissues w'ere embedded m paraffin and hkewuse stained with hema- 
toxylm-eosin 

HISTOLOGIC EXAMINATION 

Thy) Olds In the noninjected dogs, the tissue w^as composed of small and 
medium-sized acini separated from each other b} a thin layer of connective 
tissue The acini were filled with hard homogeneous colloid, and lined by 
flat or cuboidal epithelium with narrow cytoplasm and dense nuclei 

After 10 or 14 days of injections, the cells lining the acini had increased 
in size and become more numerous The nuclei were larger and moie lightly 
stained than ordinal ily, and some of them showed mitotic division The 
acini were more closely packed together than normally In some aieas, the 
colloid was softer than usual, and contained scattered phagocytes The 
supporting connective tissue stroma was loose in texture and contained 
larger amounts of fluid than in controls This condition had not greatly 
changed after foui weeks of injections After six weeks of treatment, the 
acinar epithelium had become flatter and the colloid harder again , the thyroid 
had thus returned to a resting state 

In the other organs, there was no marked change In the ovaries, atiesia 
and lutemization of the follicles were very much accentuated 

Caitilage and Bone In normal dogs, sections through the chondio-osseous 
junction of the ribs, revealed a sharp demarcation of the cartilaginous zone 
fiom the osseous part Most cartilage cells w^’ere resting and small The 
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ccntial poi lions of the costal {..iitilaije cxinbited some sm.ill Joci of liqiicfac- 
t’on These aieas weie heieandtheie leplaced In bone man on Towards 
the bony pait of the nbs the Cciitilaqe cells weie larger and showed a 
legulai columnai anangement and m a single caitilage low. seven to ten 
columnai cells weie counted d he bueis of hvpeiti opine caitilage weie 
iiciiiow and consisted of one to Ihiee telK Underneath the hyperti opine 
caitilage a tiansveise bony lamella began to foim \11 these findings indicated 
that the dogs used in these expenments weie neaiing the end of then 
giowth peiiod The capillaiy loops coiiodmg the In perti opine cartilage 
cells weie modeiately filled with blood and onh a few osteoblasts were found 
in close appi oximation to the cai lilage The bony s]ncules w ei e thin and shoi t 
The bone maiiow wms celhilai The pciiostc.il tissue w.is scaice, dense 
and fibnllai 

Aftei 10, 12 01 14 da3S of injections the la\ci of the In peiti opine cai- 
tilage was enlaiged I\Ioie caitilage cells than usual had become In peiti opine 
In the distal pait theie was no intensified prohleiation of the caitilage but 
n the center it had undeigone inci cased disintegiation Jn the subchondial 
7 one, the capillaiies show'cd a pronounced congestion, connectne tissue cells 
piohferated maikedly bv way of mitosis and loimed epithelioid cells that 
were packed closely togethei and filled the inleitrabeculai spaces ot the 
metaphysis Many of the piohfeiating cells foimcd new boin substance 
and accoidingly the spicules weie moie numeious .md tlnckei than m the 
noinnjected animals 

Farther distally, some of these piohfciatmg connective tissue cells had 
coalesced and foimed multinuclcatcd osteoclastic giant cells The peiiosteal 
connective tissue was likewise inci eased in amount Both the peiiosteal 
pioduction and resoiplion of bone weie intensified In the vasculai canals 
the peifoiatmg vessels weie congested 

After foul 01 six weeks of injections, both the In jieiti opine and icgiessne 
changes of the caitilage w'eie still moic accentuated, how'evei, even at these 
latei stages, a lesumption of giowth of the caitilage was not noted In the 
subchondial zone, the amount of thickened tiabeculai bone w'as still gieath 
increased, but resoiption of osseous substance became moie piominent Along 
the peiiosteal and to a lessei extent, the endosteal suiface of the shaft, in- 
ci eased amounts of connective tissue containing numerous osteoclastic giant 
cells w'eie obseived Howevei, these changes lemained lestiicted to the 
area adjoining the junction with the caitilage and did not involve the legion 
aiound the bone marrow^ 

TRANSPLANTS OF BLADDER LPITREIAUW 

The tiansplanted bladder epithelium grew^ out, forming theieby a cyst 
Two weeks subsequent to giafting the cells of the transplant weie enlarged, 
wheieas the newly growm epithelium, lining the cyst, foimed a single lajei 
of lathei flat or cuboidal cells The adjacent connective tissue w^as inci eased 
in amount In one of foui cases small epithelioid cells had accumulated in 
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Tig I 



Fig 2 

Fig I — Section through nutotranspHiited uiinni' bladder epithtlunn 

after two iseeks ti insplantation (control) 

No bone formation has taken place 

Fig 2 — Section through autotranspHnted unmrj bladder epitheluini 

after two weeks transplantation The animal had received 14 injections of 
20 cc anterior hypophyseal extract dailv subsequent to transplantation 

Bone torniation aiound the transplant The epithelium is p 11 tly 

h\ perti oidiic 


O 
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Tig 4 

Tig 3 — Section tlirough ^utotr^nsplanted iirimrj bhddcr epithelium after 
SIN weeks transplantation (control) 

Bone formation around the transplant 

Tig 4 — Section through autotransplanted urinary bladder epithelium four 
weeks fol'owing traiisplantatioi Ihc animal had recciaed 28 injections of 20 cc 
anterior hypophyseal extract daily for four weeks following transjilantation 

Larger amounts of denser and more mature bone than in Figure 3 Fpi 
theliiim hypertrophic 
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a collagenous and slightly calcified connectne tissue, and had assumed a 
bead-hke ariangement along the surface of the collagenous material In the 
lemaimng three cases, collagenous connective tissue had been formed, but 
epithelioid cells weie lacking 

Four 01 SIX weeks subsequent to transplantation, the bladdei epithelium 
had undergone marked hypeitiophy, but at the same time legressive changes 
leading to racuolation were also pronounced In all cases, the connective 
tissue adjoining the cist had been converted into cancellous bone containing 
bone marrow and multinucleated osteoclastic giant cells 

In the dogs, injected with anteiior hypoph)seal extiact for lo, 12 or 14 
da}s, the bladdei epithelium shoived pionounced hypei trophy, as well as 
lacuolation and liquefaction Thus, the degiee of legiessive changes seen 
at this time was compaiable to that noted in noninjected animals four 01 
SIX weeks following tiansplantation The fibrillar connective tissue network 

V as distended by fluid , the fibroblasts w ei e markedly enlarged and moi e 
numerous than in the noninjected dogs at the coi 1 esponding stage Farthei 
aw'ay from the cyst, and 111 the periphery of the loosened connective tissue 
large amounts of dense collagenous connective tissue were found exhibiting 
deposits of calcium Heie, numerous osteoblasts and preosteocytes had 
deposited osseous substance Tiue bone was present in three of four cases 
injected for 10 to 14 da}s, whereas in the fourth case, the bone formation 

V as onl} suggested, being as yet in an early stage Thus, as compared with 
conditions m noninjected dogs, bone foimation was acceleiated and farthei 
advanced subsequent to the administration of the hypophyseal hormone 

After four or six weeks of hormonal treatment, the regression of the 
epithelium had made moie progress and had spiead into further areas 
The connective tissue which adjoined the bladder epithelium and w'^as 
loosened at the eaiher stages, had become dense, collagenous and more 
fibrillar Calcification m close approximation to the cyst w as greatly 
increased, in addition laiger amounts of cartilage were present Considei- 
able amounts of mature cancellous bone had been formed and encroached 
upon the epithelium of the cyst, while resoiption of bone by osteoclasts was 
accentuated The condition, thus, was compaiable to that seen in non- 
injected dogs alter three and more months subsequent to transplantation 

Comment In )oung dogs, administration of bovine anteiior hypophyseal 
hormone causes h}perplasia and hypertroph) of the thyroid gland, similar in 
kind, but less in degree than that observed b} Loeb,’’’ and his cowmrkers, m 
giownng rodents 

In the costal cartilage, the cells showed some h}pertrophy, regressive 
changes were intensified, but no stimulation of proliferative process in the 
cartilage occurred Endochondral, as well as peritrabeculai and periosteal 
bone formation was increased duiing the earlier stages Subsequently, how- 
ever, the increased ossification w’as followed b\ intensified vascular and 
cellular lesorption 

Under the influence of anterior h\poph}seal extract, the transplanted 
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bladdei epithelium undeiwent swelling associated with or followed b\ , ac- 
celerated and intensified legiessue piocesses The connective tissue adjoin- 
ing the transplant took up laige amounts of fluid The collagenous connectne 
tissue, subsequently foimed, w'as densei and contained moie calcium salts 
than m the noninjected animals In the injected animals, the de\elopment of 
both cartilage and bone was maikedly accelerated and intensified Bony 
spicules were piesent as earlj' as 12 oi 14 da\s lollowing tiansplantation, 
wdiereas, in noninjected dogs as a lule onlv a picosseous substance was 
present in the neighboihood of the c\st duimg the first 14 01 16 da\s attei 
transplantation, and bony tissue was obsened 19 da\s altei tiansplantation 
(Cophei and Key,'’ and Huggins') at the e.iihesi 

The unusually eaily appeal ance of pieosseous substance 14 da\ s aftei 
transplantation in one of 0111 noninjected dogs might be attributed to the 
fact that this animal was youngei than the othcis As repoited pie\ioush 
the hoimonal effect on bone and caitilage is moie maiked in \oungci than 
m oldei animals 

In the injected dogs, the ma\imiim ot ossification was 1 cached aftei 
foul weeks of treatment 'w ith the hoimonc, wheicas in the noninjected dogs 
the peak of hone foimation was obscnablc two months following tiansplan- 
tation Howe^eI, the amount of bone foimcd and the state of matin iti ot 
the osseous substance weie similai m injected and noninjected animals at 
latei stages of the experiments 1 his is pi obably due to the fact that in the 
animals leceiving the anteiioi hypophjseal hoimonc not only the foimation 
but also the lesoiption of bone were intensified 

A satisfactoiy explanation of the formation of bone in the fascial con- 
nective tissue adjoining the tiansplants of uiinan and also of gallbladdei 
epithelium has as yet not been given Ajjpai ently, this heterotopic ossi- 
fication occurs only, if a ^allety of conditions aie met in the tiansplant as 
well as in the host tissue Active giow'th and subsequent legiession ot the 
transplanted epithelium seem to be pieiequisites Development ot laigei 
amounts of dense connective tissue, precipitation of calcium salts and in- 
sufficient nutrition of tissues aie known to faior bone foimation^*’ The 
peculiar ability of the epithelium of the uiinaiy tiact to become the site 
ot heterotopic ossification is also exemplified by the apj^eaiance ot bone 
in the renal pelvis after ligation of the vasculai pedicle It is conceivable 
that a state of malnutiition in the tiansplanted tissue might lead to a 
disturbed metabolism of the giownng mucosa w^hich would be conducive to 
1 egression and to ossification of the sunounding tissue Possibly, the high 
phosphatase content of the uiinaiy tiact epithelium may also be a factoi 
in the heterotopic bone formation But, the role of this enzyme can only 
be of secondary significance since transplanted epithelium of the small 
intestine wdneh is also iich in phosphatase does not lead to ossification in 
the connective tissue Whatever the mechanism underlying bone foimation 
may be, its course is accelerated and intensified under the influence of anteiioi 
hvpophyseal extiact We, thus, have to deal wnth another instance m which 
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anteiioi h}pophyseal hoimone acceleiales the conise of a developmental 
piocebS 

PieMOus obseivatioiis ha^e demon^tiated the acceleiation of regeneiation 
of amputated limbs m salamandeis and tiogs’’- ‘‘ and of bone lepaii m gi owing 
guinea-pigs and labbits tieated with anteiioi hypoph)seal extiact 

The late wnth which these piocesses take place m the nomnjected animals, 
ma} be lepiesented b} a cune, which has been teimed the time-cuive by 
Leo Loeb and all piocesses ot giowth, de\elopment and aging of \auous 
organs and tissues haie then pecuhai timc-cuae, which is geneticall} detei- 
niined Ihe latter, howevei, accoiding to Loeb. can be acceleiated and 
intensified, oi delayed, and weakened by Aaiioiis hoimones The acceleiation 
ot bone tormatioii seen aftei administiation ol anleiior h>pophyseal hoimone 
in the connectue tissue adjoining the uiinaiy bladdei tiansplants may thus 
be consideied as an acceleiation of the time-ciiue of this piocess as compaied 
with Its course in nomnjected animals 

SUMMARl 

Administiation of anteiioi hipophjseal extiact acceleiates the foimation oi 
cancellous bone occuiimg m the abdominal iascia aiound iiimaiy bladdei 
tiansplants of >oung dogs This ettect lepiesents anothei instance ot an 
acceleration of a tissue time cuive by anteiioi hjpophyseal hoimone The 
caitilage at the chondio-osseous junction ol the iibs undeigoes inci eased 
hjpertiophy and legiession under the influence of anteiioi hypophyseal 
hormone, but its piohfeiatioii could not be stimulated in the young adult 
animals The pioduction, as well as the lesoiption, of bone could be 
tempoiarily increased h} the hoimone The skeletal eflects of anteiioi 
hypophjseal hormone in the dog aie, theiefoie, similai to those excited 
b}'^ this hormone in mice and guinea-pigs 
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EXPERIMENTAL STUDY OF THE HISTOPATHOLOGY OF BURNS 
WITH PARTICULAR REFERENCE TO SITES OF FLUID 
LOSS IN BURNS OF DIFFERENT DEPTHS*" 

Arthur W Haai, M B 

Toronto, Canada 

FROM THE DEPARTMENT OF ANATOMT, UMVERSITA OF TORONTO, TORONTO, CANADA 

It is axiomatic that the key to understanding ceitain lesions of many 
organs is a knowledge of the special features of their blood supply Yet, 
singularl}^ little attention has been paid to the special features of the blood 
supply of human skin in discussions of the pathology of burns or m their 
classification With the present-day emphasis on local fluid loss as a cause 
of burn shock, however, it becomes impoitant to review the pathology of 
burns in relation to the blood supply of skin because it is from blood vessels 
that fluid IS lost Such a study is heievith reported 

MATERlku AND METHODS 

Selection of a Suitable Expei iinental Animal — In preliminary experi- 
ments made on several common laboratory animals we tried to produce 
burns that resembled faiily superficial human ^ burns We were unable, 
however, to produce burns on the backs of these animals that demonstrated 
the erythema and blister formation that characterize this type of burn in man 
This led us to reflect that the skin of man serves a different purpose from 
the skin of most very hair}'- and fuiry animals and, for this purpose, it has 
a very different blood supply The skin of man serves as an organ for dis- 
seminating heat when the weather is hot and, hence, it is equipped with sweat 
glands and an extensive set of small blood vessels situated close to the epi- 
dermis As our work progressed it became apparent that these superficial 
plexuses of vessels are responsible for the erythema and blister formation 
of superficial burns and that many common laboratory animals lack this 
extensive superficial blood supply because their skins are designed to serve 
primarily as insulation rather than as organs for disseminating heat Hence, 

* This research was assisted by a grant from the National Research Council of 
Canada 

Appreciation is due A W Came and E C Hunt who gave valuable assistance in 
performing the experiments 
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these manifestations of supeificial burns (erythema and blisters) cannot be 
pioduced 111 them The bistopatbology of superficial bums m many laboratory 
animals, then, diffeis piofoundly from that m man We found, bowevei, 
that the skin of the bog is smiilai to the skin of man in many respects 
Wilson^ points out that it is one of the few animals nbose skin contains 
papillae It sweats m hot weatbei and so, like man, uses its skin to dis- 
semiiiate beat Its skin, tbeiefore, contains a leasoiiably extensive plexus 
of small vessels in the papillary and subpapillaiy lajeis of the dermis and an 
abundant supply of sweat glands (Fig i) The bog, then, uas selected as 
the experimental animal for these studies 


Cap bed 1 


Cap bed 2. 


Cap bed 3 
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yPap layer 
o-F derma 
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Tig I — Low power photomiciognpli of the sKin of the Inch of t joung hog The locntion 
of the superficial plexuses normally concerned in the process of heat loss, and priniariK concerned 
in superficial burns, is indicated as Cap bed i The roots of the hair follicles and the secreting 
portions of the sweat glands are situated in pockets of areolar tissue in the lower portion of the 
derma Three such pockets can be .seen in this photograph Cap bed o, which is primarilj con 
cerned in the more severe second degree burns, is confined to these pockets 


Methods foi Producing Bums — Young bogs, recently weaned, and 
weighing around 1 5 kilos were used They were anesthetized with ibatol, 
which was given either subcutaneously far removed fiom the burn site or 
intravenously Burns were produced in two ways By holding the base of a 
25 cc Erlenmeyer flask of boiling water against the shaved skin of a hog for 
different lengths of time, or by dipping a portion of the shaved back of a 
hog into a large bath of water heated to 80° C foi different lengths of time 

GROSS OBSERVATIONS 

‘"Red” and “White” Burns — There is a great deal of vaiiation in the 
response of the skin in different areas in the hog The skin of the back is 
thick A flask held against it for four seconds and then removed produces 
a burn which quickly turns red If held foi seven seconds the red is of a 
deeper color When the flask is held for from 10 to 20 seconds the color 
tends to be patchy, with both red and white areas present over the burned 
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surface The white areas, moreover, tend to turn gradually red But Avhen 
the flask is held foi fiom 25 to 30 seconds most of the burned skin is white 
and it tends to lemain white. The skin of the abdomen requiies much shoiter 
exposures to produce the same effects 

In first degree burns pioduced by very short exposures large blisters 
do not form But in the moie seveie supeificial burns the epidermis tends 
to be raised slightly by undei lying fluid and when it is lifted off its under 
surface can be seen to be wet 

In the more seA'^ere fiist degiee bums and in second and third degree 
burns produced by this method the sAvelling is moie noticeable The sAvelling 
is greatest m the bums produced Avith the longer exposures and Avhere the 
skin IS thinnest 

In the larger burns produced by dipping the back of the hog into a Avater 
bath the gross appearances Aveie similai to those observed after holding a 
flask against tlie skin The time necessary to produce comparable burns, 
hoAvever, AA^as different 

A Method fot Deteinmimg the Depth of a Burn m the Hog — It was 
obserA’'ed that information could be gained about the depth of a burn in 
the hog by pulling on the bans remaining in the burned aieas If the burn 
is superficial the hairs offer as much resistance to being pulled out as do 
hairs in normal skin but if the burn is deep the hairs offer little resistance 
to being pulled out The reason for this aviU be given later 

MICROSCOPIC OBSERA'-ATIONS 

Most of the substance of the skin of man and of most animals is 
relatively nonvascular It consists chiefly of dense irregularly arranged 
connective tissue and the chief component of this is the intercellular substance 
collagen, a nonliving material Hence, most of the skin does not need, nor 
IS it supplied Avith, extensive netAvorks of capillaries There are, hoAvever, 
tAvo important groups of capillary networks in the skin of man and the hog , 
(i) Several layers of networks situated in the papillary, and in the adjacent 
part of the reticular layers of the dermis together Avith loops extending up 
into papillae , these are concerned with* alloAving the skin to lose heat and 
they also nourish the epidermis above them, and (2) netAVorks about the 
secreting portions of the sAveat glands and the roots of hair follicles and also 
in the papillae of the latter The sites of these capillary beds are indicated 
in Figure i 

Fit St Degree Bmns * — In very mild first degree burns, produced by 
exposures of two or three seconds, the only change that can be observed in 

'•'The three-degree classification is used m this paper A first degree burn is con- 
sidered to be one in which damage is confined mostly to the epidermis , a second degree 
burn one in Avhich damage extends into the dermis without, however, destroying all of 
it or the more deeply situated portions of the hair follicles and sweat glands, and a 
tliird degree burn one in which the whole-thickness of the skin, including the more 
deeply situated epithelial elements, is destroyed 
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histologic sections is a dilatation and congestion of the capillar} loops of the 
papillae (Fig 2, A) In slightly inoic sevcic fust degiee bums soon after the 
injui} the capillaiies of the papillae aie dilated and congested and the lower- 
most cells of the epideimis above the papillae are h}diopic Later accu- 
mulations of fluid lift the cpideimis fiom the deima as the hydropic cells 
give way (Fig 2, B) A little latei the cpideimis becomes separated from 
the deimis by a still huger accumulation of fluid (Fig 2, C) In faiily 
seveie fiist dcgiee bums theie is also a maikcd congestion and dilatation of 
the blood vessels in the deeper part of the papilla^ la}cr and of the adjacent 
pait of the leticulai layer (Fig 3) 



Tig 2 — ^ledium power pliotomicroRr-iplis of hog skin showing the dcvclopiiunt of -i blister m i 
supcrficnl burn A Specimen rccoicred 15 minutes nftcr a fnc second esposure to a flask of boiling 
water It shows dilatation and congestion of the c ipillar> loops of the papillae and the small blood 
vessels of the papillarj laacr 1 ! Specimen recovered one hour after a five second exposure to a 
flask of boding water It snows the same dilatation and congestion of vessels as is seen in A but, in 
addition, it shows an accumulation of fluid in and under the deepest cells of the epidermis which is 
breaking away from the derma This illustiates the beginning of a blister due to plasma leaking from 
the adjacent congested capillaries C Specimen recovered four hours ifter a six second e.\posure to 
a flask of boiling water In this the epidermis has become almost complctcl} separated from the derma 
by fluid and is attached only at the sites of some of the intcrjiapillary pegs 

To sum up A histologic study of first degiee burns show's that there 
IS a dilatation and congestion of the superficial plexuses of capillaries and 
venules in the skin (the plexuses used foi disseminating heat) and, m the 
more severe ones, that this is associated wuth an escape of fluid from these 
vessels Pait of this fluid may lift the epideimis fiom the deimis to form 
small bhsteis, and part causes an edema of the dermis In our studies of 
burns in the hog we found that almost all blisters w'eie situated between the 
epidermis and the deimis, and these findings make one question w'hether 
inti a-epidermal bhsteis aie as common m man as is generally believed, except 
in the skin of the palms of the hands and soles of the feet wdiere the epideimis 
is thick 

Second Degree Bwns — In mild second degiee burns many of the vessels 
m the superficial group of plexuses continue to function and leak fluid 

In severe second degree burns the whole superficial group of vessels is 
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mostly sealed oft by the heat (“white” bums) For a while we were greatly 
puzzled as to how theie could be so much fluid loss m this type of burn because 
the underlying dermis, as such, contains few capillaries It was not until 
oui histologic studies levealed an intense congestion and dilatation of the 
capillary beds associated with the deep secietmg portions of the sweat 
glands and the deepests parts of the hair follicles (Fig 4) that we found 
the ans^^er This congestion is associated with fluid loss, and the fluid 
that escapes from the capillaries associated with the deepest parts of the 
hair follicles loosens the attachment of the hairs This explains why hairs 
can be pulled out so easily in this degiee of burn— easily-pulled hairs signify 



Fig 3 — Lom power photomicrograph of a fairly severe super 
ficial burn 48 hours after it had been produced It shows, particu- 
larl>, the dilatation and congestion of the blood \essels other than 
capillaries (which cannot be seen at this magnification) situated 
in the outer portion of the derma The congested vessels appear 
black in the photograph 

fluid loss in the capillaries associated with the bottoms of the hair follicles, 
and, hence, a deep second-degree bum In the hog, fluid lost fiom this 
capillary bed finds its way readily to the subcutaneous tissue 

TJw d Degi ee Bwiis — In model ate second degree bums we did not obseiwe 
evidences of gieat capillary congestion in the subcutaneous tissue and oui 
findings suggest that much of the fluid that tends to accumulate in the sub- 
cutaneous tissue in this type of bum has -its origm ui the skm — it leaks down 
fiom the capillaiies associated with the bottoms of hair follicles and secreting 
poitions of sweat glands But in vei}’' seveie second degiee burns and in 

693 



ARTHUR W HAM 


Annal? of hurccrj 
^0TCInbcr 1941 



694 



120 HISTOPATHOLOGY OF BURNS 

Number 5 

thud degree bums fluid loss actually occurs from the capillaries of the 
subcutaneous tissue, ^^e obsen^ed a marked congestion of the capillary 
beds in it and there were evidences of accumulations of fluid about them 

EXPERDIENTS 'lYlTH TRYPAN BLUE 

The histologic studies reported above indicated that two groups of 
capillary beds in the skin could be involved m burns of different intensities, 
and that a third capillary bed, situated m the subcutaneous tissue, is involved 
111 more severe bums It i\as thought that it i\ould be helpful to perform 
another type of expeiiment to help confirm, or deny, that these beds are the 
chief sites of fluid loss in burns of different intensities 

Tr}’pan blue is a colloidal dye which can be injected intravenously into 
animals in a i per cent solution without noticeable harmful effects It does 
not ordinarily escape from healthy capillaries fast enough to produce a 
very intense diffuse staining of the animal’s tissues A¥here plasma is 
escaping into tissue, however, the trypan blue seems to escape as '■well, 
and so such areas become of a deep blue color We injected several young 
hogs with up to no cc of i per cent solution per hog, either soon before 
or soon after burns uere produced on them by the flask method Thin 
slices of skin and subcutaneous tissue were removed from the burned areas 
at diffeient time-periods, ranging up to three houis after the burns were 
produced, and examined with naked eye 

In general, the surface of first degree burns in an animal previously 
given trypan blue soon turns blue and slices taken from such burns, soon 
after the burn is produced, show a deep blue line along the superficial border 
of the del mis Slices taken an hour or more later show the whole-thickness of 
the skin to be blue, but the most intense blue color is still at the upper border 
of the dermis These experiments, then, also suggest that the most important 
source of fluid loss in a fiist degree burn is the superficial plexuses of small 
vessels in the papillaiy, and in the superficial part of the leticular layer of 
the dermis, and that, from here, fluid diffuses down throughout the whole- 
thickness of the skin 

In slices taken from faiily severe second degree burns made on the back 
of a hog, and in which the superficial vessels are destroyed by heat, the 
blue color is found to appear first, and in greatest intensity, along a wide 
line deep down in the dermis From here the blue color spreads both up 
toward the papillary layer of the dermis and down into the subcutaneous tissue 
These obser\^ations tend to confirm that the capillary beds associated with 
the deepest portions of hair follicles and the deep secieting portions of sweat 
glands are responsible for considerable fluid loss in this tj’pe of second 
degree burn 

If severe burns (20-30 seconds exposuie) are produced on the abdomen 
of the hog, where the skin is much thinner than on the back, a deep blue 
color rapidly appears in the subcutaneous tissue 
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The experiments with trypan blue tend to confirm the inferences drawn 
fiom the histologic studies, namely, that theie are two capillary beds in the 
skin, and one m the subcutaneous tissue, •which are the chief sites of fluid 
loss in burns of difTeient intensities 

SUiMiMARY AND CONCLUSIONS 

1 Burns in many common laboiatoiy animals do not give information 
applicable to human bums because the skins of these animals are different 
from the skin of man m the important respect that the}’^ are not designed 
to serve as organs foi disseminating heat in hot w eather and so lack papillae 
and the extensive set of superficial plexuses of small vessels that characterizes 
the skin of man and wdneh, in conjunction with sweat glands, allow's the skin 
of man to disseminate heat in hot weather 

2 The skin of the hog is designed to allow' that animal to disseminate 
heat 111 hot w'eather It has papillae, abundant sw'eat glands and a reasonably 
extensive superficial blood supply 

3 In young hogs, first degree and mild second degree burns show 
erythema and, to some extent, bhstei formation Microscopically, these 
phenomena are seen to be due to changes in the superficial plexuses of small 
vessels that normally function in allowing the animal to lose heat These 
vessels become dilated and congested to cause the erythema, and they leak 
plasma to cause the sw'elhng and the bhstei s The absence of this super- 
ficial blood supply explains why eiythema and blisters cannot be reproduced 
in many common laboratory animals in burn expeiiments 

4 In more severe second degice bums the skin suiface tends to be 
white rather than red Micioscopically this is seen to be due to the superficial 
set of vessels being coagulated Plasma loss m this type of burn originates 
from deeper capillaries In this connection, it should be pointed out that 
the substance of the skin of both man and tlie hog is not evenly supplied 
with capillaries We found that, in burns severe enough to seal off the 
supeificial set, the next impoitant set to become involved w'as that associated 
with the deepest portions of the haii follicles and the deep secieting portions 
of sweat glands These become dilated and congested and leak plasma 
The leaking plasma, moreovei, escapes fiom the skin dow'ii into the sub- 
cutaneous tissue 

5 In more severe bums a thud gieat capillaiy bed is affected, that of 
the subcutaneous tissue 

6 In the young hog mfoimation can be gained about the depth of a burn 
by pulling on the hairs in the burned area If the burn is deep enough to 
involve the capillary beds associated with the deepest portions of han follicles, 
there is edema of these This loosens the attachment of the bans so that 
they offer little lesistance to being pulled free 

7 The dilatation and congestion of both the smaller and larger blood 
vessels associated w'lth the various types of bums studied in these .experi- 
ments, togethei with the small hemorrhages that weie not infrequently 

696 



Volume 120 HISTOPATHOLOGY OF BURNS 

Number 5 

obseived, serves to emphasize that extensive burns would tend to abstract 
significant quantities of whole blood from active circulation in addition 
to the plasma that is lost by leaking away from the smaller vessels 
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Whhn Davidson’ introduced the tannic acid method foi treating burns 
he suggested that its efficacy was due to its piecipitating proteins and so 
preventing absorption of toxins from the bum site In the years that 
followed it became fairly geneially accepted that the tannic acid treatment did 
indeed tend to dimmish shock m burns But the manner in which it ac- 
complished this action became less certain as evidence accumulated to put 
increasing emphasis on fluid loss in and about the burn site as the cause of 
shock It has, therefoie, become of interest to determine whether tannic 
acid has an important function m tending to limit fluid loss m and about a 
burn and if so, how' this is accomplished, and, furthermore, whether it acts 
in this manner wnth equal effectiveness in burns of all degrees or w'hether 
it could be expected to exert this action in only certain types of burns 
The investigation herewith leported was undertaken to provide information 
on these points togethei wnth some others including the effects of tanning 
on healing 

MATERIAU AND METHODS 

Young hogs w'eic used as experimental animals for reasons given in the 
preceding papei - They w'eie anesthetized by either subcutaneous or intra- 
venous injections of ibatol, and bums w'ere produced on then shaved skins 
either by holding the base of a 25 cc Erlenmeyer flask of boiler water 
against them foi different numbers of seconds 01 by dipping their backs 
into the water at 80° C for different lengths of time The burns were 
tanned by applying a coat of 10 pei cent tannic acid to their surfaces, and then 
after this had dried, a coat of 10 pei cent silver nitrate, and then, finally, 
after this had dried, successive coats of tannic acid during the next few 
hours A complete debridement was performed on many burns before 
tanning , in our hands this entailed scraping the sui face wuth a sharp scalpel 
in order to remove completely the epidermis from the dermis Tissue for 
paraffin sections was obtained from bums of different ages caused by dif- 
ferent lengths of time of exposuie, and treated in different w'ays 

*This investigation was aided by a grant from the National Research Council of 
Canada 

Appreciation is due Doctors R P McCaffrey, GAL Ross and H F Whittaker 
for valuable assistance in carrying out the eN.periments 
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OBSERVATIONS 

The Reluctance of Tanning Agents to Penetiate Epithelium — In our ex- 
penments the epidermis of the skin proved to be a barrier to the penetration 
of tanning agents, even dead epidermis prevented the tannic acid from 
reaching and combining vrith the collagen of the dermis To obtain satis- 
factory tans we were forced to remove the epidermis before applying 
the tanning agents and this we did by scraping it off with a sharp scalpel 
The ability of dead epidermis to pi event the penetration of tanning agents 
IS illustrated in Figuie i 

A B 



Fig I — Low power photomicrographs of two different areas in a second degree burn produced 
on a young hog Both areas were treated wnth tannic acid for about an hour and a half In A, how? 
ever, the epidermis w’as removed before tanning wras begun, in B it was left intact These sections 
show how dead epidermis prevents tannic acid from penetrating into the dermis A is well tanned 
and B exhibits no tanning 

Mici oscopic Features of Tanned Skin — When tannic acid is applied in 
successive coats to a burned surface denuded of epidermis it penetrates re- 
markably evenly into the dermis, presumably by combining with the collagen 
in much the same fashion that it does in the manufacture of leather (Fig lA) 
The depth to which tannic acid penetrates to form tanned dermis depends 
upon how long the denuded surface is kept wet with tannic acid About 
one hour’s exposure caused a penetration of about one-sixth of the thickness 
of the dermis, many hours exposure resulted in a penetration of a quarter 
to a third of the thickness of the dermis (Fig 2, A) 
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Frankly combining with the collagen of the superficial part of the 
del mis IS, howevei, not the complete effect of tannic acid on the skin It 
exeits a second effect, that of killing viable elements in the dermis for a 
considerable distance below the layei of dermis that is frankly tanned 
The death of tins second layei becomes appaient some hours after the tanning 
IS finished and is evidenced by the gathering of leukocytes along a line 
some distance below the bottom of the fiankly tanned layei The line of 
leukocytes is veil defined m 48 hours (Fig 2, A) 

A B 



Fig 2 — Low power photomicrognphs of sections of tanned second degree burns 

A illustrates very heavy tanning caused by beeping the burned surface wet iiith tannic acid for 
about eight hours Below the frankly tanned dermis a second lajer of dermis, killed, but not tanned, 
by the tanme acid can be seen The lower border of this layer is marked by leukocytes Tins tissue 
Mas obtained 48 hours after the burn was produced r . 

B illustrates a more lightly tanned burn This section vas obtained four days after the burn 
was produced, and it shows that new epioermis from hair follicles has groiin along the line that is 
marked by leukoevtes in A 

Tanning then, destroys a considerable thickness of dermis and the 
destroyed dermis consists of two paits, a moie superficial layer that is 
frankly tanned and a deeper layei that is destroyed without being obviously 
tanned Both these layers separate off in the eschai and the line of leukocytes 
seen in Figure 2 marks the line at which separation occurs A tannic acid 
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expected Ibal tanning, b) destioymg the portion of the dermis that contains 
the feaking ^ esscls, would tend to prevent fluid loss in this sort of burn 

In deepei bin ns, honciei, it has been shouir that fluid loss occurs 
chiefly from the capillaiies associated with the deeper poitions of the sw'eat 
glands and hair follicles, of even fiom the capillaries m the subcutaneous 
tissue These capillaiy beds are too decpl) situated to be incorporated into 
the layei of dermis th.it is reached and destroyed by the tannic acid, hence, 
tanning could not be expected to diminish fluid loss from these deeper burns 
111 the same direct w.ay that it does so in first and mild second degree burns 



Fig 4 — ^\''cry low power pliotomicrognph to show the state of healing in a tanned 
burn produced bj seven seconds c\posurc to a flask of boiling waten at four dajs Hiis 
illustrates very clearly how the epithelium grows out from tlie deeper portions of hair 
follicles to spread along under the eschar Such separation of the eschar as has occurred 
IS probably due to artefact 

Expoimenfs with Tiypan Blue — In these an attempt was made to com- 
pare the amount of plasma loss in tanned burns w'lth that in untanned burns 
by performing experiments in animals given trypan blue intravenously and 
then estimating the amount of dye that leaked out in the treated and untreated 
sites To do tins two sets of comparable burns of all degrees were made 
by the flask method on a young hog and tanning was begun on one set im- 
mediately One-half hour aftei the burns were produced the intravenous 
injection of a i per cent solution of trypan blue was begun and this was 
continued at a slow late for from one to three hours and quantities up to 
200 cc were given, although lOO cc was the usual amount given a 15-kilo 
hog At the termination of the experiment slices w'ere cut from the various 
burn sites and the amount and position of deep blue color on the cut surface 
was observed 
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The results in first and mild second degree burns were not consistent, 
but m many instances the difference between the amount of trypan blue 
that leaked out in the skin m a tanned burn and an untanned one was im- 
pressive, tliere being far more trypan blue leakage m the untanned burns 
It was observed, furthermoie, that keeping the tanned skin dry assisted 
greatly m limiting the escape of trjpan blue from the burn site, indeed, 
dr}ing denuded dermis, even without tanning it, was very efficacious in 
preventing trypan blue leakage fiom a denuded first or mild second 
degree burn 



Tic 3 — Low power photomicrograph of a hea\ilj tanned mild 
second degree burn ii da>s after it was produced This illus- 
trates how hea\j tanning necessitates the restoration of almost 
half the dermis and this occurs through the medium of granula 
tion tissue wich can be seen in this section to occupj almost the 
upper half of the dermis Epithelization is complete 

In deeper burns, where the fluid loss occurs from deeply situated capillary 
beds, tanning ^\as found to exert little or no effect on the amount of trypan 
blue that escaped at the burn site 

Effects of Tanmng on Healing — In effective tanning, the superficial laver 
of the dermis is destro3^ed by the penetration of tannic acid In the healing 
of a tanned burn a neAv skin surface forms along a line parallel to, and a 
short distance below, the bottom of the layer of derfnis that is frankly 
tanned (Figs 3 and 4) In tlie healing of a tanned burn there must be, 
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theiefoic, (i) the foirndtion of a new cpidernns, and this develops from 
the epitlichuin of liaii follicles (Fi^^s 3 and 4) , and (2) a icstoration of the 
supeificicd layer of the dcimis, and tins fonns tlnough the inedunn of 
gianulation tissue (Fig 5) 

Jt IS olnious, then, that tanning must necessarily slow the healing of a 
veiy supeificial bum m which the complete thickness of the epidermis and 
the supeificial layei of the deimis is not dcstio}cd by the heat But in our 
expel iments this consideialion ptoved to be more theoretical than piactical 
Jn hill ns produced by 4, 7, 10, 15, 20 and 30 seconds exposure to a flask 
of boiling watei and allowed to heal for four dajs wc found little diflfcrence 
m the state of epithch/alion m the untanned and tanned burns (Fig 3) 
'Jhis IS because in all these biiins (with the exception of a few aieas in the 
four second burns) it was aiipaient at foiii days that the original epidennis 
had been dcstioyed by the heat and that healing demanded the legeneialion 
of a new epideiinis from ban follicles, and this, m our experience, 
formed as leadily under a tan as it did under an eschar of dead untanned 
tissue In the bums pioduccd by 4 and 7 seconds exposuie, cpithehzation 
fiom hail follicles was almost complete m foiii days time m both the 
tanned and untanned bums In the 10-, 15- and 20-second burns there was 
consideiablc cellulai activity in the hair follicles and some prongs of epithelium 
w'cie seen extending out along the line of separation between dead and 
living tissue In the 30-second bums all the epithelium in most of tlie hair 
follicles w'as dead and theie was new giowdh in only a few' of them 

In untanned mild to moderate second degiee bums w'C obseived that 
peisistence of dead epideimis ovei the bum made consideiable difference in 
the nature of the healing pioccss If the epidermis was detached and the 
dermis exposed to air, the supeificial layei of the deimis diied and sub- 
sequently separated off m much the same manner as a tannic acid eschai w'lth 
epithelium having foimed below it When the dead epidermis lemained 
adherent to the deimis, how'evei, it acted in a protective fashion and if the 
burn was not too scveie it tended to preserve the superficial poition of the 
dermis so that epithelium fiom hair follicles could grow along under the 
old epideimis to take up its position on the original dermis 

To sum up Our cxpei iments gave little indication that tanning slows 
the piocess of epithehzation except in very superficial burns In the less 
severe second degiee burns, however, tanning kills more dermis than would 
otherwise die (unless it is exposed and becomes dry), therefore, tanning 
demands a more extensive regeneiation of dermis than w'ould otherwise be 
necessaiy 111 this sort of burn 

SUMMARY AND_CONCL.USIONS 

1 In the young hog, eithei living or dead epidermis prevents the absorp- 
tion of tannic acid into the deimis of the skin 

2 When dead epidermis is thoioughiy removed from the surface of a 
burn, tannic acid penetiates in a remarkably even fashion into the dermis 
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3 In oul expel iments, the depth to which tannic acid penetiated de- 
pended on how long it ^^as applied, and tans that langed from about one- 
sixth to almost one-half the thickness of the deimis were obtained by 
difterent lengths of treatment 

4 The application of tannic acid not only destioys the superficial layer 
of del mis with which it combines to form tanned skin, it also destroys a 
layei of dermis below that which is fiankly tanned The deep border of 
this second layei is usually soon maiked by a line of leukocytes and it is 
along this line that leepithelization occuis in healing 

5 The supeificial layei of deimis destioyed m efficient tanning contains 
most of the capillaries and venules of the supeificial plexuses of vessels 
that in both man and the hog aie normally concerned in tempeiature regula- 
tions and fiom which most of the fluid loss occurs in first and m the milder 
foims of second degiee burns By diiectly destioying the dermis containing 
these vessels it could be expected that tanning would tend to dimmish fluid 
loss fiom this soit of burn 

6 Some experiments with tiypan blue indicated that tanning diminished 
leakage m this type of bum, but other experiments were not convincing 
When denuded tanned deimis was allowed to dry, however, experiments 
witli tiypan blue showed veiy convincingly that plasma leakage in this type 
of burn was gieatly diminished by the combined procedure 

7 Experiments with trypan blue gave no indication that tanning ma- 
terially afiects plasma loss in deeper burns m which the superficial plexuses 
are mostly sealed-off by the heat and leakage is primaiily fiom the capillaries 
associated with the bulbs of the haii follicles and the deep secreting portions 
of the sweat glands oi the capillaiies of the subcutaneous tissue, all of which 
are deep to the dermis destioyed by the tannic acid 

8 In very superficial burns wheie the epidermis is not completely destroyed 
the tannic acid treatment slows healing slightly because effective tanning 
always demands the formation of a new epidermis from hair follicles and a 
regeneration of the layer of deimis destroyed by the tannic acid But m 
any but the most superficial burns the whole epidermis is destroyed by the 
heat and a new epidermis must form in any event, and this forms as readily 
under a tan as not Hence, in any but very superficial burns tanning does 
not mateiially slow epithehzation although it frequently demands the restora- 
tion of moie dermis than might otherwise be necessary 

9 If these expei iments have any clinical application it is, perhaps, that 
if the tannic acid method of treating burns has a use it is m the sort of 
burn in which most of the fluid loss occurs from the superficial plexuses of 
vessels that aie normally concerned in temperatuie legulation, and that to 
be effective in preventing fluid loss from these the tan should be kept dry The 
woik provides no evidence to suggest that the tannic acid treatment would 
be equally efficacious in the more severe second degi ee burns or in third degree 
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bums wheie plasma loss occuis pnmanly from capillaiy beds out of reach 
of the tan 
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During recent years refiigeration has been employed increasingly in 
the surgical treatment of gangienous limbs Its value remains m dispute 
chiefly because of a lack of satisfactory information regaiding the effect 
of cooling on the healing of the wounds and on the progress of infection 
Enough general knowledge pertaining to the effect of cold has accumulated 
to warrant its analysis to determine, if possible, the advantages and dis- 
advantages which might be expected to follow from prolonged cooling of 
tissues Such knowledge should serve as a basis for the evaluation of 
measures involving the use of lefrigeration in clinical surgery Because the 
tourniquet has usually been employed in conjunction with refrigeration in 
the treatment of patients, any discussion of the merits and haimful effects 
of refrigeration preferably should include a consideration of the effects of 
the tourniquet In this paper a discussion of the effects of cooling and of the 
effects of asphyxia produced by the application of a tourniquet will be followed 
by the presentation of cases in which a form of treatment m harmony with 
the implications of established physiologic principles has been employed 

THE EFFECT OF REFRIGERATION ON TISSUES 

Within physiologic limits the velocity of most biologic processes varies 
directly with the temperature At temperatures close to freezing there is 
almost complete cessation of cellular activity Another pertinent observation 
IS that conduction in a nerve trunk fails at or below certain critical tempera- 
ture levels (25° to 30° C in warm blooded animals),^ thus accounting for the 
phenomenon of refrigeration anesthesia 

The changes which occur during and following the prolonged cooling 
of an extremity are of particular interest While the tissues are cooled they 
are anesthetic and their metabolism is greatly diminished After exposure 
to cold (3° to 4° C for 24 to 96 hours) rats’ tails show marked degeneration 
of nerves and muscles m the cooled areas ^ The dog’s forelimb, after im- 
mersion in cold water, exhibits edema and paralysis of the involved member, 
and these signs are followed by degeneration of the cooled peripheral nerves ^ 
Similar, but more marked, changes are seen sometimes in shipwrecked sailors 
on exposure to cold and wet for varying periods Such individuals may 
develop long-standing vascular and neurotrophic disturbances, and, in the 
most severe cases, gangrene of the feet^ Thus, the magnitude of tissue 
changes resulting from exposure to cold may be considerable Although 

*The experimental basis for this report was made possible by a contract recom- 
mended by the Committee on Medical Research between the Office of Scientific Research 
and Development and the Washington University School of Medicine, St Louis Mo 
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low tempeialuics may pioducc bome nijuiy by a diicct cfTcct upon living 
cells, iheic is lalhci gcneial agi cement that cold causes ischemia of the 
cooled part, and that lack of 0x3 gen is responsible for most of the damage 
Duiing cooling theie is an accumulation of tissue metabolites, which, after 
the cooling agent is rcmoccd, causes icactne h3'peiemia and other changes 
similai to those following the icmocal of a touiniquet {qv) although as a 
lulc the changes are not piofound enough to pioducc systemic effects 

Since noimal tissues aie damaged h}'^ cooling, the cells m aieas undei- 
going lepaiative and inflammatoi}' changes also would he expected to he 
affected adveiscly Inhibition of healing of wounds dm mg icfrigcration 
has been shown to occur m the expciimcntal animal h}' Large and Hein- 
heckei Their studies also demonstrated that following the cooling period 
w^ound healing w’as dela3cd, the degicc of dela}' being loughl}' proportional to 
the duiation of the cooling period Degcneiativc changes were shown to 
occui in the neives of cooled exti emities, ' and these arc consideied responsible, 
m pait at least, foi the delay in the he<ilmg of wounds long after the actual 
exposure of the tissues to cold has ended 

Biooks and Duncan,” in caiefull} conti oiled expeiiments, observed that 
the inflammatoiy reaction to intiadeimal injections of hacteiia and of oil 
of tuipentine was inhibited dm mg the cooling penod Following refrigeration 
the inflammatoiy leaction in injected aicas was slightly greater than in the 
controls, w'lth possibly some inciease in actual necrosis Bruneau and Hem- 
becker’^ found that during the cooling penod no inflammatoiy response de- 
veloped to Sii eptococens hcinolyticus injected subcutaneously and into joints 
of dogs’ limbs, wdiile aftei lefiigeiation the tissues exhibited a decrease in 
giowth lestiicting action towaid the bacteiial organisms, the inflammatory 
reaction being moie marked than in the conti ols Large and Hembecker^ 
studied the healing of w'ounds treated by delayed sutuie after 24- or 48- 
hour cooling peiiods, and found that the lefiigeiated w'Ounds show'ed a 
much higher incidence of gross infection, w’lth suppmation, than did the 
uncooled controls 


THE EFFECT OF A TOURNIQUET 

The tissues distal to the area of constiiction are ischemic, and if rendered 
so for a sufficient time, undeigo degeneiation Lew'is” has showm that muscle 
fibers fail to recovei then abiht}'^ to contract when depiived of their blood 
supply foi 6 to 8 houis, nerves die after 12 to 20 hours, the skin after 24 
to 48 hours of ischemia The tourniquet itself, if nariow and tight, ma}'^, by 
diiect pressuie on neives, cause temporal y paialysis During the period 
of constriction, metabolites causing vasodilation accumulate, so that aftei 
the tourniquet is released, a penod of reactive hypeiemia ensues If the 
mass of tissue distal to the tourniquet is large, lelease of the constriction may 
result m shock and even m death 

The effect of a tourniquet on the pi ogress of infection vanes wuth the 
duration of the period of ischemia The cessation of blood flow presages 
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an interruption of the inflammatoiy leaction, which is inimical to the con- 
ti oiling of the infection following removal of the tourniquet However, 
if a tourniquet be applied tightly enough to a limb pioximal to a gangrenous 
or infected area, the obliteration of vasculai and lymphatic channels at the 
level of constriction will prevent absorption of toxins and bacteria from the 
involved region into the geneial circulation This beneficial effect v ill continue 
as long as the touiniquet is in place, unless the disease process is able to 
spread above the level of constriction by diiect continuity of tissue 

EFFECT OF A TOURNIQUET AND REFRIGERATION USED SIMULTANEOUSLY 

The survnal time of a tightly constiicted limb is prolonged greatly by 
refrigeration of the part This va§ shown experimentally by Allen,*^ and 
demonstrated conclusively, to be true b)^ Biooks and Duncan,^® who found 
that rats’ tails rendered completely ischemic in a piessure apparatus lived 
many hours longer without the subsequent development of gangrene wdien 
exposed to temperatures of i° to 15'’ C than did those at room tempeiatures 
The othei effects of these agents used together can be piedicted from the 
known changes followung then individual 01 sepaiate applications 

In suminar}^ then 

a The benefits of refrigerating an extieinity include loss of sensation 
and diminution of absorption of noxious agents from the cooled area, wdiile 
the disadvantages he m a subsequent delay in w'ound healing, a greater iisk 
of infection, and a vaiying degiee of actual damage to refrigerated tissues 
left m situ 

b The benefits of the application of a tourniquet to a limb refrigerated 
above the pioposed level of amputation include anesthesia and the elimination 
of absorption of noxious agents, with increased duration of viability of the 
completely ischemic tissues, wlnle the ill effects, again, include delayed wmund 
healing, greater risk of infection, and actual tissue damage to the refiig- 
erated stump 

c The benefits of refiigeration wuth the application of a tourniquet belozu 
the pioposed level of amputation of a limb, as in the other instances, 
include loss of sensation and elimination of absoiption of noxious agents 
from the part, the further advantage of eliminating mteiference wuth wmund 
healing and the spread of infection also is assured 

CLINICAL APPLICATIONS 

The management of critically ill patients with gangrenous extremities 
fiequently involves the contiol of toxemia, of infection, of anemia and of 
dtrangenients in metabolism If absoiption ot toxins from the involved limb 
can be pi evented for a tune, the patient’s general condition can be improved 
enough so that operation ma} be performed with much less iisk This can 
be accomplished most simply by a tourniquet about the limb above the 
involved area, but below^ the le\ cl of proposed amputation Such a plan w'as 
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followed not infrequently during the last ^^ar, and, more recently, Maxeiner 
(1941)^^ reported the successful use of “temporary tourniquet amputation” 
m 12 cases Adolph^- ad^ocated a similai method The lesults obtained, 
m geneial, weie satisfactor} , hut the patients had se\cic pain until the tourni- 
quet produced anesthesia, and occasional infection developed above the 
level of constriction 




Fir I — Dngnms of methods of use of rcfrigcntioii nnd the tournimiet before 
opention A Lcsel of refrigention B Site of npplication of tourniquet C Level of 
imputation 

(1) Dngrini showing the idvocitcd level of refrigention, A ind the site of 
amputation C Note that the distance AC is considerable 

(2) Diagram showing the method of refiigeration anesthesia as emplojed bj Allen, 
and others Note that the large mass of refrigerated tissue AC is not excised 


Allen, 111 certain expei iments,^'’ found that a touimquet could be aiiplied 
painlessly, if the limb were lefiigerated first He suggested the use of 
refrigeration togethei with a tourniquet m the pieparation of poor-risk 
patients with gangrenous feet for amputation, and introduced the clinical 
use of refrigeration anesthesia foi such operations The type of procedure 
advocated by him, and his coworkeis,^® is indicated in Figure i The dis- 
advantage of this method appears to he in the fact that much of the cooled, 
and, therefore, damaged tissue is not excised It is felt preferable that 
all refrigerated tissue should be removed at operation This can be done 
by applying the tourniquet and the cold distal to the level of amputation as 
indicated in Figure i 
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ILLUSTR CASES 

Case I — H H , a S4-}"ear-old white female, known to have diabetes melhtus, was 
admitted to the Barnes Hospital, April lo, 1943, with a three-month history of spreading 
infection of the right foot Examination showed a toxic, drowsy, but rational female, 
who seemed critically ill The temperature was 396° C The right Sth toe was absent, 
and there was a large, foul, necrotic, sloughing ulcer on the lateral aspect of this foot, 
from which thick pus could be expressed Induration and swelling were present up to 
the ankle There were no palpable arterial pulsations in either foot, but both popliteal 
pulses could be felt Laboratory findings included Hb, 42 per cent, W B C 17,000, 


BARNES HOSPITAL H.».oryNo 10 55.57. 



Chart i — Case 2 Temperature chart Note the failure of response to intravenous sodium sulfa 
diazine and general supportue measures curing the first 24 hours of hospitalization, and the marked 
impro\ement following refrigeration and the application of a tourniquet 


urine, one plus sugar, numerous W B C , blood sugar 324 mg per cent , blood N P N 
13 mg per cent Insulin, whole blood, fluids and sulfadiazine were given In the 
evening of the day of admission, ice bags were placed about the right leg and foot 
almost up to knee level and two hours later a tourniquet was applied to the leg just 
below the knee The patient gradually became more comfortable, and within six hours 
the temperature had fallen to normal Twelve hours after refrigeration had been 
instituted, a right midthigh amputation was perfoimed, under spinal anesthesia, without 
release of the tourniquet The wound was closed with drainage, and the drain was 
removed after 24 hours The postoperative course was uneventful, the wound healed 
pci pnmam The patient was discharged from the hospital, May 8, 1943, 28 days 
after admission, in good condition 

Case 2 — J S, a 48-year-old white male, was admitted to the Barnes Hospital, 
kla'} 22, 1943, and stated that he had had pain in the legs and feet during exercise or 
in cold weather for six years A month and a half prior to admission, an area of infection 
developed about the right great toe, this w'as treated conservatively, but gangrene of 
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tlic toe dci eloped and it \\as amimtatcd witli closure of the stump, tlscwliere, eight 
days prior to admission Tlircc da3S hcfoie 011113 the foot became painful, swollen and 
blue Pam was so severe that frequent injections of morphine faded to gi\e relief 
Examination showed a cnticalh ill, middle-aged male who frequent^ dropped off 
to sleep, his memori was ha7'3 and he was oiniousb quite toxic Tiie temperature 
record is shown m Cliart r The distal portion of tlie right foot was gangrenous, and 
the lemamdcr of the foot up to tlic ankle swollen, pufT\ and extreme^ tender No 
arteiial pulsations could be felt in the foot, hut the popliteal pulse w’as palpable Labora- 
tory findings included a W B C of 30,000, and a blood culture was positive for 
S(i cpiococcu’! hcmolyticus 

The patient was given fluids, intravenous sodium, sulfadiazine, and gas bacillus 
antitoxin, without improvement Tliercfore, the dav after admission, ice bags were 
packed aiound tlie right foot and leg to just below the knee, and when sensation dis- 
appeaied, a tourniquet was applied to the leg Improvement in the general condition 
was dramatic (see Chart i), and 24 hours later a circular supracoiidv lar amputation 
was performed under spinal anestliesia The wound was closed without drainage 
Healing pet pi twain followed, and the patient was discharged from the hospital, June 8, 
1943. 17 da3S after admission, m good health 

Histologic studv of the amputated tissues confirmed the clinical diagnosis of 
Buerger’s disease, vvitli gangrene of the foot 

Case 3 — kf H, a 19-vcar-old white female, was admitted to the Barnes Hospital 
Afaj' 26, 1943 She had been knocked off a niotorcvcle three davs before, and a 
compound fracture of the right ankle sustained, this was treated clsewlicrc Spreading 
infection soon appeared, and the patient was referred to Barnes Hospital for further 
treatment 

Examination showed an acutcl3 ill, toxic 30ung girl complaining of severe pain m the 
right leg The temperature was 38° C There was evidence of an unreduced fracture 
of the right ankle, on the lateral side of which was a necrotic, foul-smcllmg wound 
from which bubbles of gas could be expressed Tlie entire riglit foot and leg were 
swollen, exquisitely tender, and crepitant, and gas could be felt m the subcutaneous 
tissues of the thigh as well Roentgenograms confirmed the diagnosis of gas gangrene 
Large doses of polj valent gas bacillus antitoxin were administered, the leg was 
packed in ice up to the level of the ki\ce, and a tourniquet applied The sjniptoms rapidlv 
subsided, and, four houis later, under general anesthesia (cj^lopropane) , a guillotine 
supracondylar amputation w'as performed, and scv'cral incisions were made over the 
mvoNed portions of the right thigh The wounds wcie left open, and thev wxre 
irrigated frequently through tubes placed therein Healing was slow but satisfactory 
The patient was discharged from the hospital, Tulv 3, 1943, with all wounds healed 

Case 4 — J M L , a so-year-old white female, was admitted to the Barnes Hospital, 
Nov^ember 13, 1943, for removal of an acoustic neuioma on the right side A meningioma 
was removed through a cerebellai craniotomjt on November 16, 1943 During con- 
valescence the patient, who also suffered from rheumatic heart disease with auricular 
fibrillation, released an embolus which lodged at the bifurcation of the aorta, and 
although a large embolus was removed from the left femoral and iliac vessels, November 
27, 1943, both legs had to be amputated subsequently just above the knee On December 
4, 1943, a right supracondylar amputation was performed The patient then dev'eloped 
fever of 398° C, and this was thought due to infection in the gangrenous left foot 
Accordingly, December 6, 1943, ice packs were applied to the left leg up to the knee, 
and after two hours a tourniquet applied below the knee The temperature immediately 
fell to normal, and 18 hours later, a left supiacondylar amputation was pei formed 
under general anesthesia (ethylene) The wound w'as closed vvnthout drainage Post- 
operative progress was slow, but satisfactory A slight degree of muscle breakdown 
occurred and drained out through a small siniis track This had not healed completely 
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when the patient left the hospital, January 19, 1944, but did so m about two weeks 
thereafter 

Case 5 — A C, a 6i-j ear-old colored male, was admitted to St Louis Homer 
Phillips Hospital December 4, 1943 He had fallen out of a second story window one 
hour previously and was unconscious for some time Examination showed a deep 
laceration of the forehead and a se\ere injur}' to the right eye, which subsequently 
developed traumatic cataract As the patient became more alert, he began to complain 
of pam m the left leg and foot The latter was cold, insensitive and paralyzed, and the 
left popliteal and tibial pulsations were absent There was a small chip-fracture of 
the lateral condyle of the left femur 

It was thought that thrombosis in an arteriosclerotic popliteal artery had occurred 
following direct injur j There was no eMdence of an hematoma in the popliteal space 
Conser\ati\e therapj was tried, but was unsuccessful Gangrene of the left foot and 
low-er leg gradually de\ eloped There was se%ere pain and fever as high as 41° C 
Accordinglj, December 17, 1943, the left leg and foot w'ere packed in ice and a 
tourniquet applied below' the knee Improvement was dramatic, the temperature shortly 
falling to 376° C Tw'ent}'-four hours later, under spinal anesthesia, a midthigh ampu- 
tation w'as performed The wound w'as closed over a small rubber dam drain, around 
w'hich there exuded a small amount of serous fluid which stopped w’hen the drain 
W'as removed 48 hours after operation The wound healed po pi imam The patient 
had some feier after operation, but this disappeared when sulfathiazole, which was being 
administered prophj'lacticalh', was discontinued His subsequent course, as far as 
the amputated limb was concerned, w'as entirely satisfactory, although he w'as kept 
in the hospital until February 9, 1944, for treatment of his injured eye Histologic 
study of the amputated leg confirmed the clinical diagnosis of thrombosis m a 
sclerotic popliteal arter}', w'lth resultant gangrene 

Case 6 — C B , a colored female, age 37, w'as admitted to the St Louis Homer 
Phillips Hospital December 10, 1943 She had had a partial amputation of both feet for 
frostbite nine months previously, and had been Ining m an unheated basement m the 
interim Her present complaint was increasing pam m both stumps for some three 
weeks, follow'ing repeated exposures to cola Examination show'ed moist gangrene of 
both stumps, with sw'elling and tenderness to midleg level on both sides Conservative 
treatment w'as attempted, but the gangrene extended and infection became more marked 
The temperature ranged around 39° C occasionally reaching 40 6° C Since both 
popliteal pulsations were good, it was decided to amputate below the knees On 
January 10, 1944, both stumps were refrigerated, and tourniquets applied just above 
the line of demarcation at the ankles The temperature fell ^rapidly to normal, and 
next da> bilateral midleg amputations were performed under spinal anesthesia The 
wounds w'ere closed, with drainage There w’as some sloughing of the skin margins 
of the lateral aspects of both w'ounds, and complete healing had not occurred after 
one month, but the patient’s general condition was at all times satisfactory after 
operation It was felt that the delayed healing in this case may have been associated 
W'lth amputation too close to the refrigeiated areas 

CoMMEKT — Each of the six cases presented had gangrene of one or both 
feet associated with infection and toxemia In one instance (Case 2) there 
was septicemia The basis for the gangrenous process, as determined by 
histologic study, was different m each of the cases — diabetic ai tenosclerosis, 
thrombo-angutis obliterans, spreading gas bacillus infection, peripheral 
embolism, popliteal thiombosis and frostbite being found The patients 
were operated upon w'lthout mortality and w'lthout encountering difficulty 
Avith the subsequent wound healing It is felt justifiable, therefore, to 
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advocate the use of the method to others, in order that through wider ex- 
perience its real merits may be determined 

The details of the piocedure used ate not complicated In all but the 
last case, ice bags \\crc applied neaily up to the knee (Fig i) and the 
tourniquet placed below the knee two to four hours later, after anesthesia 
had been obtained When the patient’s general condition ivarranted it, 
usually after 24 houis, amputation was performed above the knee, using 
inhalation or spinal anesthesia Because it is known that living tissues will 
conduct cold fairly efficiently,^® and for other reasons alreadv considered, it 
IS important that the amputation be carried out well above the refrigerated 
area None of the patients herein reported suffeied from shock during or 
aftei the operation, an advantage stressed by the proponents of refrigeration 
anesthesia 

The small numbei of cases tieated by this method does not warrant any 
sweeping claims How'ever, refrigeration was not used in any case unless 
the patient’s condition w'as so poor, due to severe infection and absorption 
from the gangrenous part, that the oidinary methods of treatment seemed 
dangerous Such cases pi eviously have been treated by guillotine amputation, 
follow'ed by elective amputation at a higher le\el at a later date By the 
method herein employed the necessit}'’ for two operations has been obviated 

SUMMARY AND CONCDUSIDNS 

Refiigeration of an extremity abolishes pain and lessens the blood and 
lymph flow' When such ref rigei ation is followed by, and combined w'lth, 
the application of a tight tourniquet, absorption of toxic products from an 
infected gangrenous extiemity is, for all piactical purposes, eliminated 

Because refrigeration tends to delay wound healing and decreases the 
pow'er of resistance of tissues to bacteiial invasion, the prolonged cooling 
of hssucs to be piesovcd is not advocated It is recommended that neces- 
saiy amputations be earned out above the level of cooling 

Because a patient’s general condition can be impioved so greatly, during 
the combined use of cold and the tourniquet, by ordinar}' restorative 
measures, it is unnecessary to avoid the use of inhalation or spinal anesthesia 
for amputation 

Six illustrative cases caied foi m accoi dance w'lth the above principles 
are reported 
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EFFECTS OF COOLING ON EXI’ERIIMENTALLY 
INTFECTED TISSUES 

J ^CQUKs Bruneau, M D , AKD Peter IIeinrecker, jM D 

Si Loms, jNIo 

FROM Tnr DrpARTMrsT or suRGrR\, wvsiliNCTON UM\rRsiT\ SCHOOL or Mmiasr st iolis mo 

The EErncis or reduced rrMPERATURis on tissue snnual under anoxia 
and on tissue lesistance to infection have been studied in se\eral recent 
investigations Allen, ^ and Brooks and Duncan," showed that cooling 
gieatly prolongs the life of tissues deprived of their blood supply The 
experiments of Biooks and Duncan' also have demonstiated, conclusnel}, 
that the local application of cold without interference with the blood supph 
prevents the development of the noiinal tissue i espouse to bacterial organisms 
(“Staphylococcus auieus'’’) and to chemical iiritants (turpentine) injected 
intiacutaneously, and that the appearance of the classical signs of inflam- 
mation rapidly follow's the return of the afiected pait to a normal environ- 
mental tempei atui e 

In this communication aie repoited the lesults of an investigation to 
deteimme the effects of i educed temperatuies on both the local tissue 
response and the organisms lesponsible for it, and to determine the eventual 
course of a local infection as alteied by a tempoiaiy period of cooling 

EXPERtAIENTAL PROCEDURE 

A conceiitiated suspension of “Sti cptococcus hcinolyitcus” in broth was 
used to produce a localized infection The suspension was obtained from 
i8-houi cultures, and bacterial counts show'cd its concentration to vaiy within 
the range of lo® to lo'’ m all specimens 

Mongrel dogs w'eighing fiom foui to eight kilos weie used as experi- 
mental animals Aftei the haii w'as removed fiom one of the foielegs, o 5 cc 
of the suspension w'as injected into the wnist joint 01 into the subcutaneous 
tissues above the wuist The inoculated limbs weie then cooled to six degiees 
C for various lengths of time Cooling w^as eflected b}^ immeising the 
limb to a level w^ell above the elbow’^ in a constant tempei atm e bath piovided 
by a commercial coolei The dogs were immobilized in canvas hammocks 
and the affected limb in the coolei w'as made secuie by a tie placed well 
below^ the w'rist This insured the unintei rujDted cooling of the limb and 
did not inteifere with the blood supply to the inoculated aiea No piotective 
substances w’^eie applied to the skin, and food and w^ater weie not withheld 
from the animals during the couise of the experiment The control animals 

The work described in this paper was done under a contract recommended by 
the Committee on Medical Research, between the office of Scientific Research and 
Development and Washington University, St Louis, Afo 
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weie injected in a similar fashion and were placed in cages at room tenipeia- 
ture foi equivalent peiiods of time, no effoit being made to immobilize the 
inoculated limb These expeiiments weie earned out for periods ranging 
from 24 to 96 houis Each experiment was performed on two groups of 
SIX dogs In the fiist gioup, the gioss and micioscopic stiucture of the 
lesions was studied, and bacteiial counts weie made from samples of the 
exudate This method of secuiing mateiial foi counts was found to be m- 



Plate I — A Photomicrograph (X i3S) of the synovial membrane of a dog’s wrist joint 
inoculated with "Streptococcus hcmolyticiis’’ and cooled at 6°C for 48 hours 

B Photomicrograph (X 42s) Same as A, to show more clearly the vascular congestion and 
minimal degree of leukocytic infiltration 

^ C Photomicrograph (X 13s) of the syno\ial membrane of a dog’s wrist joint inoculated with 
Streptococcus hemolyticus" and maintained at room temperature for 48 hours 

D Photomicrograph (X S7o) Same as C, to show more clearly the slight degree of acute 
innammatory response exhibited in the joint synovial membrane of the control dog 

accurate — so that a second group of animals was prepaied m which at the 
completion of the experimental cooling, the tissues at the site of inoculation 
were excised “en bloc” care being taken that the excision extend well out 
into normal tissue These specimens were then homogenized and the total 
number of bacteiia per sample detei mined The controls were carried out 
similarly m two groups of six animals for each experiment 

All bacterial counts were determined by dilutions in bioth pouied over 
blood agar plates and are expressed in number of bacteria per cubic centimeter 
Contamination was very infrequent, and the organisms recovered were in- 
variably identified as “Stt epiococcus hemolyUciis ” 
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EXPERIMENTAL RESULTS 

The effect of local cooling on infected subcutaneous tissues was studied 
foi periods of tune varying from 24 to 96 hours 

In a first experiment dogs were inoculated subcutaneously wath o 5 cc 
of the bacterial suspension In one gioup the limbs were cooled for 48 
hours immediately following the injection, and the animals w’ere then sacri- 
ficed The other group w'as left at room temperature for the same period 
of time before being studied 



Plate II — A Photomicrograph (X 5°) of the subcutaneous tissue of a clog’s limb at the site of 
inoculation after cooling 48 hours at °C Note the presence of vascular congestion and edema without 
appreciable leukocjtic infiltration around the dark ring of bacteria embedded in the tissues 

B Photomicrograph (X I3S) from the same area as A to show the relativeh acellular edema 
and minimal diapedesis 

C Photomicrograph (X S7o) from the same area as A showing a distended eapillarj near a cluster 
of bacteria (lower part of picture) Note the absence of tissue reaction to the bacteria 

D Photomicrograph (X 5°) of the subcutaneous tissues of a dog’s leg at the site of inoculation 
with "Streptococcus hcmolyticus" after 48 hours at lOOm temperature Note the marked acute inflam 
matory reaction 

In the limbs that had been subjected to cooling theie was no external 
evidence of inflammation at the site of inoculation Local anesthesia and 
local loss of motor function were noted in all animals At autopsy, on gross 
examination, diflfuse edema, though of varying degiee, was found to be 
present in all cases throughout the area that had been immersed and to 
involve mostly the subcutaneous layer The edematous tissue had a gieyish- 
blue color and a viscid, gelatinous consistency Around the site of injection, 
these greyish tissues assumed a faint pinkish color Closer examination of 
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the aiea showed a fine reddish leticulum suggestive of dilated blood vessels 
Gross extravasation of blood was not obseived 

Even away fiom the site of inoculation, there was microscopic evidence 
of marked vascular congestion and edema Around the congested capillaries 
one could see a few polymoiphonucleai and red blood cells These findings 
were also observed in the subcutaneous tissues of animals that had been sub- 
mitted to cooling without any bacterial inoculation In the inoculated area the 
vascular dilatation was moie marked and the diapedesis, although minimal, 
was somewhat more marked, also Only a few inflammatory cells were 
obsen'-ed however, at any distance from the capillaries and the edematous 
tissue was remarkably free of cellular infiltration In many sections large 
clumps of bacteiia vere seen embedded in the tissues, without any evidence 
of cellular activity aiound them (Plate I, A, B and C) The bacterial counts 
performed on the exudate fluctuated widely but weie all considerably lower 
than the original counts of the bacterial suspension injected 

The control animals, at lOom temperature, all showed a well-defined 
external swelling at the site of inoculation with ledness of the skin in a few 
instances At autopsy, on gross examination, a small cutaneous abscess was 
found in all animals The micioscopic picture was characteristic of an acute 
mflammatoiy reaction with abscess formation (Plate I — D) The purulent 
material obtained from the abscess yielded bactei lal counts that varied widely, 
but were definitely higher than those obtained fiom the animals subjected to 
cooling On the basis of subsequent evidence obtained in this research, it is 
clear that the method employed for obtaining the samples of exudate was 
defective The difficulty with which only minute amounts of fluid could 
be obtained fiom the edematous cooled tissues lepeatedly necessitated resort- 
ing to washings, and the clumping obseived m the microscopic sections 
suggested that variable counts could probably be obtained from different 
parts of the same specimen 

To eliminate these objections the experiments -were repeated on other 
animals The same procedure ivas follow^ed but after the completion of the 
experiment the inoculated tissues w^eie excised widely and the counts made 
from this whole specimen 

This proceduie w^as first earned out over a period of 24 hours The 
number of bacteria recoveied from the tissues subjected to cooling was 
only slightly lower than that injected (Table I) The counts obtained from 

Table 1 

NUMBER OF BACTERIA IN THE SUSPENSION INJECTED AND IN THE EXCISED TISSUES 
AFTER LOCAL COOLING AT 6'’C FOR 24 HOURS 


Bacterial Counts Per Cc 


No of Dog 


Suspension 

Tissue 

43A 


S 9 N 10® 

2 X 10® 

4SA 

* 

5 9 N 10® 

2 \ lO" 

lie 


4 9 X 10® 

1 X 10® 

6C 


4 9 X 10® 

9 X 10® 

20C 


7 8 X 10® 

4 6 X 10® 

15C 


7 8 X 10® 

1 8 X 10® 
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the contiols though consistently high, weie lower than those obtained from 
the cooled tissues and lower than the onginal number injected (Table II) 
The bacteiial counts obtained after 48 hours of cooling were sub- 
stantially the same as those obseived aftei 24 houis of cooling (Table III) 
The contiols showed a furthci reduction in the number of bacteria, the 

T\uu II 

NUMurR 01 nvcTiRiA IS Till susiLssioN isjrcTrD ASD IS Tiir rscisrn Tisstrs 
VrTTR 24 HOURS AT ROOM THMPrRATURI 


Bacterial Counts Per Cc 


No of Dog 

Suspension 


Tissue 

37A 

5 9 X 10® 


6 X 10’ 

40A 

5 9 X 10® 


1 6 X 10’ 

9C 

4 9 X 10® 


1 X 10’ 

2C 

4 9 X 10® 


2 X 10® 

22c 

7 8 X 10® 


1 3 X 10® 

18C 

7 8 X 10® 


2 4 X 10’ 


Tabu HI 



NUMnrR or bacti ria in 

Till SUSPENSION INJI CTI D AND 

IV 

Tiir 1 \cisrD 

AFTPR 

LOCAL COOLING AT O^C FOR 48 

HOURS 


Bnclcrnl Counts Per Cc 

No of Dog 

Suspension 


Tissue 

44A 

S 9 X 10® 


1 7 X 10® 

41A 

S 9 X 10® 


4 X 10’ 

8C 

4 9 X 10® 


2 S X 10® 

7C 

4 9 X 10® 


1 5 X 10® 

26C 

8 9 X 10® 


2 8 X 10® 

23D 

8 9 X 10® 


1 6 X 10® 


Table IV 



number or bacti ri v in 

THE SUSPENSION INJECTED AND 

IN 

THC EXCISnD 

after 48 HOURS AT ROOM TEMPERATURE 


Bnctcrnl Counts Per Cc 

No of Dog 

Suspension 


Tissue 

38A 

5 9 X 10® 


4 S X 10< 

42A 

5 9 X 10® 


8 X 10® 

3C 

4 9 X 10® 


8 1 X 10’ 

1C 

4 9 X 10® 


1 7 X 10® 

2SD 

8 9 X 10® 


1 5 X 10® 

27D 

8 9 X 10® 


2 4 X 10® 


counts being lower than those obtained after 24 hours in untreated animals, 
and markedly lower than the original number of bacteria (Table IV) In 
both these experiments, the gross appearance of the tissues showed the 
characteristic changes previously described 

Similar experiments weie then cairied out with the period of cooling 
extended to 96 hours The aspect of the cooled tissues was similai to that 
found after 48 hours The amount of subcutaneous edema however, and 
the vascular congestion were usually greatei In these animals after block 
excision of the tissues, the number of bacteria recovered approximated roughly 
the number injected (Table V) In the controls, abscess formation was a 
constant finding In many animals, after the requiied period of time at room 
temperature, the abscess had ruptured through the skin A large number 
of animals had, theiefore, to be inoculated before we could obtain six 
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tissue specimens ^^lth an intact skin The bacteiial counts obtained from 
these tissues weie much ]o\\er, showing that m this time peiiod the local 
defense mechanisms had oveicome the infecting oigamsms to a marked 
degiee (Table VI) 


Table V 

NmtBFR or BACTERIA IN THE SUSPENSION INJECTED AND IN THE EXCISED TISSUES 
AFTER LOCAL COOLING AT 6°C FOR 96 HOURS 


Bacterial Counts Per Cc 


No of Dog 

Suspension 

Tissue 

9E 

8 7 \ 10® 

1 8 X 10® 

HE 

8 7 N 10® 

1 9 \ 10® 

12E 

8 7 \ 10® 

4 3 \ 10® 

14E 

.66 10® 

5 4 \ 10® 

15E 

6 6 \ 10® 

6 6 X 10® 

16E 

6 6 X 10® 

4 2 \ 10® 


Table VI 


NUMBER or BACTERIA IN THE 

SUSPENSION INJECTED 

AND IN THI EXCISED 

AFTER 96 

HOURS AT ROOM TEMPCRATURC 


Bacterial Counts Per Cc 

No of Dog 

Suspension 

Tissue 

26C 

6 3 X 10® 

1 0 X 10® 

48C 

6 3 \ 10® 

1 4 X 10® 

47C 

6 3 \ 10® 

3 4 X 10® 

SE 

3 0 \ 10® 

8 0 X 10® 

6E 

3 0 \ 10® 

2 6 X 10® 

7E 

3 0 \ 10® 

1 0 X 10® 


The experimental method was then modified to determine the efifects of 
a return to a normal environment after a pi ecedmg period of cooling Groups 
of animals were inoculated according to the same technic, and cooling applied 
to the limb for a period of 48 hours The animal was then removed from 
the cooler and left at loom temperature foi an additional period of 48 to 
96 hours The limbs vanned up veiy lapidly following removal from the 
cold bath Within 48 hours after discontinuing the application of cold, 
the edema of the limb would disappear, leaving a localized swelling at the 
site of injection The lesults of the examination of this area, in the gross, 
were very similar to those observed m animals left at room temperature 
for 48 hours after inoculation But in most of the animals which had been 
subjected to a period of cooling the area of inflammatory changes was slightly 
greater than in the controls In none, had the abscess bioken out through 
the skin but in some instances, superficial necrotic lesions of the skin were 
noted Microscopically, theie was a typical acute inflammation that could 
not be diffei entiated from that observed m the controls except for the 
subjective impiession that the amount of edema was slightly greater The 
bacterial counts obtained from the excised tissues showed a decrease from 
the original number of bacteiia injected and appioximated those observed 
in animals after 48 houis at room tempeiature without previous cooling 
(Table VII) 

When 96 houis vere allowed to elapse aftei cooling had been dis- 
continued, the individual ^arlatlons in the gioss appeal ance of the lesion 

721 


BRUNEAU AND HEINBECKER 


Annals of Surgery 
November 1944 


weie greater than in any of the previous experiments A localized abscess 
was observed in all cases While in some instances, the aiea of inflammation 
was slightly smaller than that obseived after 48 hours, in others it was 
larger than any observed m the contiols after 96 houis This wide variation 
was also noted m the bacterial counts obtained from the excised tissues 
(ii dogs) In some animals the number of bacteiia recovered showed only 
a slight decrease or no change at all , in others, the counts showed a marked 
decrease over the number of bacteria originally injected (Table VIII) 


Table VII 


NUMBER OF BACTERIA IN THE 

SUSPENSION INJECTED AND IN THE 

EXCISED TISSUES AFTER LOCAL COOLING 

FOR 48 HOURS 

FOLLOWED BY 48 ADDITIONAL HOURS AT ROOM TEMPERATURE 


Bacterial Counts Ter Cc 

No of Dog 

Suspension 

Tissue 

27C 

6 3 X 10® 

s 8 X 10’ 

23C 

6 3 X 10® 

1 4 X 10® 

29C 

6 3 X 10® 

1 8 X 10® 

4D 

5 1 X 10® 

3 9 X 10® 

3E 

3 0 X 10® 

4 8 X 10^ 

4E 

3 0 X 10® 

4 3 X 10® 


Table VIII 

NUMBER OF BACTERIA IN THE SUSPENSION INJECTED AND IN THE EXCISED TISSUES AFTER LOCAL COOI ING FOR 

48 HOURS FOLLOWED 

BY 96 ADDITIONAL 

HOURS AT 

ROOM TEMPERATURE 

No of Dog 

Bacterial Counts Per Cc 

Suspension Tissue 

IF 

• « • • 8 

0 X 10® 

3 

4 X 10® 

2F 

8 

0 X 10® 

1 

1 X 10® 

3F 

8 

0 X 10® 

8 

3 X 10® 

4F 

8 

0 X 10® 

3 

7 X 10® 

SF 

7 

2 X 10® 

3 

7 X lO'* 

7F 

7 

2 X 10® 

2 

6 X 10® 

8F 

7 

2 X 10® 

3 

9 X 10® 

23G 

2 

1 X 10® 

4 

2 X 10® 

24G 

2 

1 X 10® 

4 

8 X 10® 

28G 

2 

1 X 10® 

1 

6 X 10® 

29G 

2 

1 X 10® 

1 

0 X 10® 


Finally, another senes of experiments was earned out with the site of 
inoculation at a greatei distance from the suiface In spite of the small 
bulk of the limb, the wrist joint seemed best suited to this purpose The 
joint was inoculated with o 5 cc of the bacteiial suspension One group 
of animals was tieated by local cooling and the other left at room temperature 
for periods of 24 and 48 hours 

The control animals did not show, grossly, as seveie an acute pyogenic 
aithntis as had been expected Theie was some congestion of the synovia 
and minute amounts of turbid fluid m the joint The recovery of “Stiepto- 
cocens hciuolyticus” from this fluid, however, established the fact that the 
joint had been inoculated Microscopic examination of the capsule showed 
an acute inflammatory reaction but not of the intensity of that observed 
m the subcutaneous infections (Plate II, C and D) . 

In the animals vhich had been refrigerated the gross appearance of the 
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limbs was not greatly diffeient The microscopic sections showed only 
minimal reactive changes (Fig II, A and B) The bacterial counts obtained 
from the joint exudate showed the same tiend as those reported after 
subcutaneous injections ^ 

Comment — The exposuie of inoculated tissues to a temperature of 6 ° C 
for periods up to 96 hours results in a definite inhibition of the usual mflam- 
mator}'- response to “Sti eptococcus liemolyiicus" encounteied m the control 
animals This inhibition is evidenced by the gross and micioscopic picture 


X SCATTER OF THE LOGARITHMS OF THE BACTERIAL COUNTS OF THE ORIGINAL SUSPENSION 
X LOGARITHMS OF THE BACTERIAL COUNTS AFTER 24, 48, AND 96 HOURS COOLING 

0 LOGARITHMS OF THE BACTERIAL COUNTS AFTER 24,48, AND 96 HOURS AT ROOM TEMPERATURE 

1 LOGARITHMS OF THE BACTERIAL COUNTS AFTER 48 AND 96 HOURS AT ROOM TEMPERATURE 

FOLLOWING COOLING FOR 48 HOURS 
O ARITHMETIC MEAN OF THE LOGARITHMS Cx.o.OR a) 



H8 


47 


lO 


Chart i — A Curve showing that during cooling the number of bacteria in the 
tissues remains relatively unchanged 

B Curve shoving tbe decrease in the number of bacteria in the tissues vhich occurs 
at room temperature 

C Curve indicating the tendency for bacteria to disappear more slowly from the 
tissues when a period of cooling has preceded the return to a normal environmental 
temperature 
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observed after cooling It is further substantiated by the fact that no sig- 
nificant decrease in the number of organisms injected is observed under these 
conditions At room temperature, the decrease in the number of bacteria 
follows a logarithmic curve A comparison of these data (Chart I) indicates 
that cooling delays markedly the rate of destruction of bacteria in living tissue, 
m spite of the inhibition of grov th which probably takes place at low tempera- 
tures in VIVO as well as m viU o In these experiments no attempt was made 
to determine the proportion of bacteria that had spread to the regional lym- 
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phatics or that was earned away by the blood stream Gelatinous edema, 
vascular congestion and minimal diapedesis were noted throughout the cooled 
limb, even at a distance from the site of inoculation Ihe degree of edema 
seemed related to the length of the cooling peiiod Finally, these changes 
were also observed in limbs that were cooled without any previous inoculation 
This would suggest that some of the reactive changes obseived in the tissues 
are due to the effects of cold itself As the limbs were immobilized in a de- 
pendent position, dependency could be regarded as an additional factor, 
although It alone did not produce this lesion It is noteworthy that this 
edema, with temporary anesthesia and loss of motor function and the oc- 
casional appearance of necrotic skin lesions after the return of the limb to a 
normal environment, bears a striking lesemblance to the clinical syndrome 
of immersion foot At the site of inoculation, the pathologic findings were 
similar but slightly more marked At the same depth at which these slight 
reactive changes were found clusteis of bacteria without any inflammatory 
cells aiound them could be obseived The short, but inevitable, time-lag 
necessary to reduce the tissue temperatuie to an adequate level may also be 
partly responsible for these findings The evidence seems to indicate that 
the application of cold in itself for periods up to four days will not have a 
beneficial effect on the course of a localized infection At most, a relative 
status quo is present as long as the reduced temperature is maintained 
However, the constant finding of diffuse edema m our experiments argues 
against regarding this condition as a merely innocuous suspension of bacterial 
and tissue activity 

Brooks and Duncan reported that the area of necrosis which appeared 
after cooling had been discontinued, was larger than if the lesion developed 
at body temperature In their investigation, they were able to study both 
lesions in the same animal In our experiments a return, after cooling, to a 
normal environmental temperature resulted, also, in a grossly more severe 
inflammation, although the microscopic picture was not significantly different 
frdm that observed in the controls As the lesion under study and the 
control had to be produced in different animals, individual variations made 
an exact quantitative comparison difficult Inasmuch, as the rate of destruc- 
tion of bacteria after a previous period of cooling will give some measurable 
indirect evidence of the alteration of tissue response by cold. Chart i shows 
that the trend under these conditions is towards a slower rate of destruction 
than that observed under normal conditions The scatter of individual varia- 
tions in the experiments where cooling had been resorted to widens as the 
elapsed time increases, and precludes the plotting of an accurate curve In- 
sofar, as IS shown by our data, there is reason to believe that the growth 
restricting action of the tissues is somewhat decreased by cooling Statistical 
studies on a A’^ery much larger group of animals may be necessary to sub- 
stantiate this finding 

The inoculation of joints did not measure up to our expectations as an 
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experimental procedure Our findings did show, however, that the effects 
of cooling are manifest even in the deeper structures m spite of their con- 
stant perfusion by warm blood In the human, Bierman^ reported a diop 
of 10° to 25° F one and one-half inches from the surface of the calf when 
cold had been applied externally foi one or two hours In their experi- 
ments Brooks and Duncan noted the appearance of some reactive changes 
in the subcutaneous tissues wdiile 'none \vere observed at the site of the 
intradermal inoculation They concluded that this is an indication of the 
relatively small depth of temperature alteration by external applications 
However, their method of cooling differed greatly from that used in 
these experiments as they applied cold only to the very limited area of injury 
This discrepancy between our results and those reported by Brooks and 
Duncan would seem to he m the procedure used rather than m the process 
Itself The temporary anesthesia and loss of motor function \vhich follows 
cooling also provides supportive evidence that the deeper structures as 
ivell as the superficial were affected 

From these experimental data, it seems evident that the clinical appli- 
cation of cold (6° C ) to infected tissue wall have no therapeutic value in 
itself Under certain circumstances, it may not be harmful to cool an 
infected limb for a brief period m order to maintain the lelative status quo 
obsen^ed in these experiments in regard to bacterial activity and to tissue 
response How^ever, under our experimental conditions, cooling for longer 
periods of time (24 to 96 hours) resulted in definite changes in tissue 
hydration, m marked vasodilatation and m a decrease in the growth lestrict- 
ing action of tissues towards bacterial organisms Moreover, these changes 
became more marked as the period of refrigeration was prolonged While 
the exact clinical limitations of the piocedure remain to be determined, this 
would contraindicate, except for brief periods, the cooling to levels around 
6° C of infected limbs ivhich one aims to save by conservative measures 

SUMMARY 

As long as cooling to 6° C is maintained, the subcutaneous tissues of 
the dog fail to show the inflammatory response usually initiated by the 
iiinoculation of “StJ eptococcus hemolyticus ” The number of organisms 
present in the tissues remains remarkably constant and closely approximates 
the number injected 

The development of extensive subcutaneous edema during cooling and 
after removal of the cold, the development of a more marked inflammatory 
reaction, with a decrease m the growTh lestricting pow'er of the tissues to 
bacterial organisms, suggest the possibility of harmful effects fiom pro- 
longed refrigeration 

The effects of cooling are manifest in the deeper as well as in the 
superficial tissues of the limb of a dog with an intact blood supply 

The clinical implications of the above results are discussed briefly 
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THE EFFECT OF COOLING ON WOUND HEALING^ 

Alfhed Large, M D , and Peter Heinbecker, M D 

St Louis, Mo 

I ROM THE DEPVRTMENT OE SURGERI, WASHINGTON ONI\ ERSIT'i SCHOOL OF MEDICINE, ST LOUIS, MO 

GENERAL CONSIDERATIONS 

The velocit}’- of many biologic piocesses vanes directly with the tempera- 
ture This relationship is expressed m the temperature coefficient (Q lo) 
of such processes, which designates the latio of the rate of the process 
at one temperature to that at another 10° C lower, and frequently follows 
van't Hoffis law for chemical reactions by falling somewhere between two 
and three ^ In some instances, experimental data obtained in studying cer- 
tain processes, such as velociW of growth, have been found to show changes 
with temperature with sufficient consistency to permit an expression of 
the relationship between the two m the form of a mathematic equation ^ 
In general, it can be stated that the velocity of most biologic processes is 
retarded by lowering and speeded-up by elevating the temperature For 
example, the rate of division of unicellular organisms {ameha proteus) is 
retarded by lowering the temperature ivithin limits of 4“ to 30° C , and 
IS completely inhibited at 4° C fibroblasts cultured m vitro show maximum 
growth at 39° C , the rate diminishing with decrease m temperature, and 
no growth occurring at or below 20° More specialized tissues, such 
as nerve exhibit, a decrease in activity with lowering of the temperature 
Conduction time is prolonged, refractory period is lengthened, and the po- 
tential associated with conduction is diminished in amplitude ^ The highly 
intricate process of metabolism in man is known to vary directly with 
changes in body temperature, the basal metabolic rate var}ang some 13 
per cent with each degree centigrade change in temperature ^ 

The effect of temperature change on pathologic processes, such as in- 
flammation, has been less thoroughly studied It is well known that the 
growth of bacterial organisms is depressed by lowering the temperature, 
but it is important to remember that m most instances bacteria can be kept 
alive for long periods at temperatures of 5° to 10° C without being damaged 
or destroyed,® whereas, prolonged cooling of an extremity of any of the 
higher animals or man leads to certain harmful effects on the tissues ® 
Brooks and Duncan® recently studied intradermal infections in animals fol- 
lowing cooling and noticed certain harmful effects both during and after 
the cooling period Bruneau and Heinbecker^® investigated the effects of 
cooling on subcutaneous and intra-articular infections in dogs They found 
that the inflammatory response of the tissues was inhibited during the 

The work described in this paper iias done under a contract recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
De\elopment and the Washington University School of Medicine 
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period of cooling and exaggerated when normal temperatures were re- 
established, and that the growth restricting power of tissues to bacterial 
organisms was inhibited by prolonged cooling They also noticed that 
lowering the temperature of a dog’s leg for some time produced edema, 
loss of sensation, and partial or complete paralysis 

The effect of temperature change on the healing of wounds has not 
been investigated, to our knowledge, although the processes involved in 
wound healing itself have been studied thoroughly Among the more im- 
portant biologic phenomena concerned are ameboid movement, mitotic 
proliferation, and the maturation of cells Since these processes have been 
studied separately, and, m general, have been shown to exhibit velocities 
varying directly with the temperature, it seems reasonable to assume that 
wound healing would be adversely affected by lowering the temperature 
of the part The present study was undertaken to investigate this problem, 
with the hope that the results might serve as a basis for determining the 
indications for the use of refrigeration in clinical surgery It can be stated 
that the results observed are such as would have been expected logically 
to follow from available scientific evidence 

EXPERIMENTAL DATA 

Materials and Method In principle, the experiments performed were 
quite simple, one of the animal’s foielimbs was cooled for a period of 
from 24 to 72 hours, and the manner in which wounds of the skin and 
subcutaneous tissue healed was observed, an incision in the opposite un- 
cooled forehmb was used as control The experiments may be conveniently 
sepal ated into two series, with three groups comprising the first series, 
and two, the second 

Series i — Group A — Mongrel dogs weighing from four to eight kilograms 
were used as experimental animals The hair was removed from the lateral 
side of the forelegs, using sodium sulphide as depilator, and the animals 
were lightly anesthetized with intravenous sodium nembutal The skin 
was prepared with iodine and alcohol, and longitudinal incisions, five to 
SIX centimeters in length, through the skin and subcutaneous tissue of both 
lower forelegs, were made with a sharp knife Hemostasis was secured 
by pressure, and the skin edges were then approximated without tension 
by means of interrupted fine silk sutures seven to eight millimeters apart 
Thin rubber condoms w^ere next placed over both forelimbs and sutured in 
place high up on the body, care being taken to see that no constricting effect 
was present The animals were then placed in canvas hammocks arranged 
so that one forehmb was immersed to elbow-level in water maintained by 
means of a commercial cooling apparatus at a constant temperature of 6° C 
(with limits of 4° to 8° C ) and immobilized there by a tie placed well 
belov the level of the incised area The other limbs, including the control 
limb, were immobilized sufficiently to keep the animal within the apparatus, 
but not completely to prevent movement of the hind limbs In this way, 
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the incised forelimb was exposed to cold for a peiiod of 48 hours, without 
the cold water actually coming into contact with the wound (for exceptions, 
see later) During this time the animals’ food and water intake was un- 
restiicted After the prescribed cooling period the dogs were removed 
from the apparatus, the condoms were taken off and the animals returned 
to their cages They subsequently were killed at varying intervals, the 
wounds studied histologically and estimations of their tensile strength made 

The sutures were removed on the seventh day, or before the wounds 
were studied The tensile strength was measured m grams per centimeter 
wound length, by a simple clamp or hook and w^eight-bearmg device, an 
average of two or three determinations being used for each' of the com- 
putations, cross-sections of the wounds w'ere fixed m formalin, embedded 
in paraffin, and stained with hemotoxyhn and eosin for microscopic ex- 
amination 

Series i, Group B — These animals were treated in a manner similar 
to those in Group A, except that the period of cooling was maintained for 
only 24 hours 

Senes i, Group C — These dogs, after having some of the hair of the 
forehmbs removed with clippers, were placed in the cooling apparatus with- 
out condoms over the forehmbs, for 72 hours They were then anesthetized 
and incisions made in both forehmbs, and immediately sutured The animals 
then were returned to their cages and wound studies performed at varying 
intervals as in Gioups A and B 

Series 2 — In the second series of experiments an attempt was made to 
study the effect of cooling on wounds treated by delayed suture 

The forehmbs were prepared as before, incised, and sterile dressings 
applied Rubber condoms were fixed m place over the forehmbs. and the 
animals placed in the cooler for 24 or 48 hours On removal from the 
cooler, the animals were again lightly anesthetized, the dressings removed, 
the skin around the wound prepared again, and the incisions closed with 
interrupted fine silk sutuies In Group A of this series the cooling peiiod 
was 24 hours, in Group B, 48 hours The wounds were studied at varying 
intervals by gross examination, by microscopic section and by estimation of 
tensile strength as in Series i 


RESULTS 

Series i, Group A — Gross infection of the wounds occurred m a con- 
sideiable percentage of cases The results from such animals are not in- 
cluded in the estimations of tensile strength In certain instances the rubber 
condoms broke, or the animals’ struggles allowed water to splash into the 
container, so that the cold water ^vas in direct contact with the wound 
Healing m this minority of cases seemed similar to that which occurred 
in those lemammg perfectly dry, and it was, therefore decided that in this 
paitiGular series it would be permissible to include these results with the 
others The tensile strengths of all the wounds which healed cleanly are 
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Chart i — Tensile strength measurements of wounds during the healing period “X” marks the 
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the cur\e is drawn through the averaged value of the individual determinations 
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given in Chart i A total of 55 dogs was studied m this group, but 28 of 
them had to be discarded because of disease or infection The chart, thus, 
depicts the relative strength of 54 wounds m 27 dogs during various phases 
of the healing period 

These results may be compared with Charts 2 and 3, which give the 
results of those experiments m which cooling was performed for 24 and 
72 hours, Groups B and C of this series, respectively Although these latter 
experiments were done on smaller numbeis of animals, the results are 
sufficiently uniform to be useful for purposes of comparison 



Chart 3 — Tensile strength measurements o£ ^\ounds during the healing period “X” marks the 
arerage tensile strength of one control wound in Gm/cm , and “O” the average strength ot a cooled 
wound Where more than one animal was killed at any particular time during the healing process, 
the curve is drawn through the aieraged value of the individual determinations 


The histologic appearance of the healing wounds in these experiments 
varied considerabty (Fig 1-4) The incidence of infection in the 72-hour 
group was high, four of a group of nine dogs showed definite evidence 
of infection of the refrigerated wounds, while only one of the controls 
became infected In all three groups the wounds not infrequently displayed 
some microscopic widening or infiltration with inflammator}^ cells, even 
though no gross evidence of infection was present Otherwise, the healing 
process, as evidenced by histologic findings, seemed to parallel the charted 
estimations of tensile strength It is noteworthy that sections of the incisions 
taken immediately after cooling showed no microscopic ewdence of tissue 
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response to the injury, whereas beginning healing was evident in the con- 
trols (Fig i) 

Senes 2 — The results obtained in the second series of experiments, 
where the limb was incised, then cooled, and sutured after the cooling 
period, were difficult to assess from the point of view of clean healing 
Only those results were included in which the wounds remained dry, with- 
out leakage or tearing of the protective rubber envelope In Group A 



Tig I — Photomicrographs (x6o) of tissues stained with hematoxylin and eosin, from 
Series i. Group A, in which the cooling period was 48 hours 

A and B Sections of wounds imraediatel} following the cooling An arrow desig 
nates the wound edge in each Note absence of reaction in cooled wound A, with exudate 
of inflammatory cells and fibrin in control B 

C and D From dogs three days after the cooling period Note slight cellular reaction 
in the cooled wound C, epithelization witn beginning fibroplasia in control D 

(cooling period 24 hours) six of the nine dogs used developed gross in- 
fection of the wound in the cooled limb, while only two of the controls 
became infected However, the infected wounds healed rapidly, once the 
pus had been discharged, both m the cooled and control limbs Tensile 
strength in such wounds, as modified by the frequent presence of infection, 
are given m Chart 4 Histologic studies confirmed the evidence of gross 
infection in each case (Fig 5) In the second group of this series, Group 
B (cooling period 48 hours) the results were similar but more marked Of 
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Chart 4 — Tensile strength measurements of wounds during the healing period “X” marks the 
a\erage tensile strength of one control wound m Gm/cm , and ty’ the average strength of a cooled 
wound Where more than one animal was killed at anj particular time during the healing process, the 
cur\e IS drawn through the a\enged value of the individual determinations 
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Fig 2 — Photomicrographs (x 575) of tissues from Series i, Group A, in which the 
cooling period was 48 hours 

Sections marked A, C and E from cooled wounds, those marked B, D and F from 
corresponding controls A and B, 6 dajs, C and D, S dajs, E and F, 12 days following 
the cooling period Note slightly greater edema, less regularity of fibroblasts and podrer 
deposition of collagen in the cooled wounds 
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13 dogs used, nine of tlie incisions m the cooled limbs and only one of the 
control wounds became infected The tensile strengths of these wounds 
are given in Chart 5 Histologic confirmation of infection, again, found m 
every case, is shown m the photomicrographs of Figure 6 

Another significant feature was noticed in this latter senes of experi- 
ments When the animals were removed from the cooler and the dressings 
taken off, the uncooled control incision showed pinkish, firm beginning 
granulations, whereas, the cooled limb appeared as it had when incised 24 
or 48 hours previously 



Fig 3 — Photomicrographs (X 6o) of tissues from Series j, Group C, in which the 
cooling period was 72 hours 

A and B Sections taken three dajs after cooling Note absence of reaction and 
hemorrhage on the surface of the cooled wound A An arrow indicates the wound area 

Discussion — The results of the first series of experiments permit a 
comparison of the healing process in cooled with that in uncooled limbs 
They show (i), that during the cooling period there is no response to the 
trauma of the incision, (2), that for any given period during the healing 
process the cooled incisions exhibit a delay m healing, as evidenced by 
measurements of tensile strength, (3), that when cooling is prolonged (48 
to 72 hours) the lag in healing is most marked late in the course of the 
healing process, and (4), that the degree of delay in healing is roughly 
proportional to the duration of the cooling period (Chart 6) It is sig- 
nificant that cooling a limb for two days results in sufficient damage to the 
tissues to cause a marked effect on wound healing for more than two 
weeks after the actual cooling period 

The results of the second senes of experiments show that prolonged 
refrigeration of a wound followed by delayed suture results m a higher 
incidence of infection than would have been the case if cooling had not 
been used The high incidence of infection in those wounds made and 
sutured after cooling the limb for 72 hours (Senes 1, Group C) indicates 
that very prolonged refrigeration results m greater risk of infection, even 
if the wounds are sutured immediately It is interesting that this increased 
incidence of infection in cooled incisions gives direct confirmation to the 
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bordering the wound, (4), the number and character of pathogenic or- 
ganisms in the wound space and bordering tissues, and (5), the number 
and chaiacter of foreign bodies to be extruded or encapsulated^^ In 
our experiments the amount of damaged tissue and the number of pathogenic 
organisms and foreign bodies (sutures) were constant for control and 
cooled limbs There remain for consideration the integrity of the blood 



Tig 6 — Photomicrographs (X 6o) of tissues from Series z. Group B, in which 
delayed suture following cooling for 48 hours was performed An arrow designates the 
wound in each section 

A and B, directly after cooling, there is no reaction in the cooled wound A, marked 
exudation in the control B 

C and D, 6 days after cooling and suture The cooled wound C is wide open and 
ulcerated, the control D is healing cleanly 

flow to the part and the amount and chaiacter of the exudate formed 
Lowering the temperature of the involved tissues changes both of these 
latter factors in a manner tending to delay wound healing and to promote 
bacterial growth For it is known that prolonged cooling of an extremity 
results in decreased blood flow through the part and in the production of 
interstitial edema® The deficiency of blood supply and the edema often 
remain long after the temperature has been restored to normal, and this 
accounts for the prolonged derangement of wound healing A further con- 
tributing factor may be trophic changes associated with degeneration of the 
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peripheral nerves, which has been shown to occur after prolonged exposure 
of an extiemity to cold 


CLINICAL IMPLICATIONS 

The results of our experiments, together with those of Bruneau and 
Hem'becker, indicate that certain haimful effects result from prolonged 
refrigeration of living tissue, such as is advocated by some for amputation 
of gangrenous infected extremities It may be held that, because the duration 
of tlie cooling period as applied clinically is often much shorter than that 
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Chart 6 — The difference in tensile strength measurements between cooled and control Mounds, 
plotted as percentages of the controls They indicate the degree of delay in healing for any given 
period during the healing process The data are obtained from Charts i, z and 3, and are plotted as 
scatter diagrams, the curves occupying mean positions 

Since healing does not occur during the cooling period, the discrepancy between cooled and control 
IS 100 per cent immediately after cooling It gradually approaches zero over a period of three or 
four weeks Note that the 72 hour curve overlaps the 48 hour curve early in the period of healing, a 
consequence of the fact that the incisions for the 72 hour group were made after the cooling period, 
while those of the 48 hour group vveie made before cooling In effect, then, the incisions in the 48 hour 
controls had a two days’ start 111 healing 


employed in these experiments, the results are not comparable Since it 
has been shown that the harmful effects are proportional to the duration 
of the cooling period, it may be assumed that some degree of harm must 
result whenever living tissues are cooled to low temperatures It is felt, 
therefore, that refrigeration anesthesia is not ideal for amputations If 
the aim is to diminish absorption from a gangrenous region by local cooling, 
this can be accomplished by refrigerating the limb below the desired ampu- 
tation level in order that the anesthesia so induced will permit the appli- 
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cation of a tight tourniquet After restorative measures have ’been effective, 
amputation then can be carried out under ordinary anesthesia above the 
level of cooling without harmful sequelae 

Suggestions have been advanced recently by Crossman, Allen, et al 
McElvenny,^^ and otheis, that wounds of the extremities incurred on the 
battlefield be refrigerated during transportation and until proper emergency 
surgical treatment can be instituted, an inteival of many hours or even days 
Our experiments dealing with the effect of prolonged cooling on wounds 
treated by delayed or secondary suture fairly closely approximate such 
war conditions Because of the increased incidence of wound infection 
after the cooling period shown to occur in these experiments, it is recom- 
mended that wounds sustained on the battlefield should not be treated 
by refrigeration unless there is no hope of saving the part 

SUMMARY . 

Experiments were carried out on dogs to study the effects of pro- 
longed refrigeration on wound healing The nature of the healing process 
in clean incised wounds of the skin and subcutaneous tissues of the fore- 
limb after cooling to 6° C for a period of 24 to 72 hours was determined, 
using similai incisions in the opposite limb as controls The healing process 
was studied by measurements of the tensile strength and by micioscopic 
examination of the wounds at varying intervals The results show that 
during the cooling period there is no reaction on the part of the tissues 
to the injury inflicted by the incision, and that subsequently there is a definite 
lag in the healing of the wounds, the degree of delay varying with the dura- 
tion of the cooling peiiod In wounds treated by delayed suture after cooling 
for 24 or 48 hours the incidence of infection is much greater than in 
control incisions maintained at normal temperatures 
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Alfred Large, M Dii, and Peter Heinbecker, M.jD 

Sa Louis, Mo 

FROM THE DEPARTMENT OF SURGERV , WASHINGtON UNIVERStTV SCHOOL OF MEDICINE, ST LOUIS MO 

In the course of recent siudies on the effect of refrigeration on infec- 
tion’^ and on wound healing,^ it was noticed that many of the animals used 
in the experiments exhibited findings in their extremities similar to those 
of “immersion foot ” The purpose of this communication is to report certain 
changes found in the peripheial neives following prolonged cooling 

method 

Small mongiel dogs weighing four to eight kilograms were used as 
experimental animals, 20 of them weie used in the expeiiment The hair 
of the forelimbs was partly removed with clippers and the animals were 
suspended in canvas hammocks so that one forehmb was immersed to ap- 
proximately elbow level m cold water thermostatically maintained at a 
temperature of 6° C The limbs were immobilized by tape ties over gauze 
wrapped around the wrists and ankles, and the animals were kept in the 
apparatus for 96 hours, during which time their food and fluid intake 
was not restricted They then weie returned to their cages and were sacri- 
ficed after varying intervals, up to three months following exposure, but 
before death the threshold to faradic stimulation of the ulnar nerves m the 
forelimbs was determined After sacrifice, the superficial anterior and deep 
ulnar nerves from the cooled limbs were stained with osmic acid, and im- 
pregnated with silver according to the technic of Davenport ® Sections of 
the other tissues, including skin, subcutaneous tissues, vessels and muscles 
weie fixed in formalin, embedded in paiaffin, sectioned at 5 microns, and 
stained with hematoxylin and eosin Coiiesponding sections from the 
tissues of the opposite uncooled forelimbs served as controls 

RESULTS 

Svelhng of the involved limb and partial or complete loss of sensation and 
paral3'^sis usually were present on removal from the cooler, these signs 
gradually subsiding over a period of several days The signs were less marked 
in well nouiished animals, evidently because they moved about more while 
in the apparatus The threshold for muscle response to faradic stimulation 
of the ulnar nerve of the involved limb inci eased until the fifth day after 
cooling, when, in most instances a response no longer was obtained on 
maximal stimulation The threshold then decreased gradually until about 

’•'The \\ork described in this paper was done under a contract recommended by the 
Committee on kledical Research, between the Office of Scientific Research and Develop- 
ment and the Washington Unnersity School of Afedicine 
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mentation and disappeaiance of the m>elin sheaths, and in ceitain instances, 
by swelling, vacuolization and fiagmentation of the axis cylinders These 
histologic changes were evident five days aftei cooling, and progressed 
slowly thereaftei, some degiee of nerve damage being demonstrable for the 
entire duration of the experiment (/ e , up to three months after exposure) 
In most of the neives studied, the degeneiation was patchy m chaiacter, but 
seemed to involve laige m}elinated, small myelinated, and nonmyelinated 



Tig 2 — Photomicrographs (X 523) Nine davs aftei cooling 
A Cross section of normal nerve stained with osmic acid B Same of cooled 
nerve Note progression of dem>elination 

C Longitudinal section of control nerve stained with silver D Same of cooled 
nerve Note fragmentation of agones 

fibers to an almost equal legree Illustrative sections are shown in the ac- 
companying figuies As would be expected, the extent of nerve damage was 
found to vary directly with the amount of edema and paialysis of the limb 
following cooling, but organic changes of some degree were present in the 
nerv'es invariably even in those instances wheie no gross evidence of edema 
or paral}sis had been discernible at any time 

Discussion — The mechanism of production of the changes observed fol- 
low mg cooling of an extremity is of interest The finding of degeneration 
of the nen^es without concomitant inflammator} changes in the other tissues 
fa\or the commonly held view that relative ischemia of the part, rather than 
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Tig 4 — Photomicrographs (X S^S) Thirtj one days nsmic acid 

A and C Cross and longitudinal sections of normal ner\e stained uith osmic acw 

and D Same of cooled nerve Note dcm> elination ^ i, -p Q^rnc of cooled 

Longitudinal section of normal nerve stained with silver F bamc ot cooica 

.1 1 Atr»l V 


nerve 


l^ongituainai seciion oi nomiai iT V 

Note that some of the axones have disappeared completely 
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Fig s — Photomicrographs (X 525) For tj three dajs after cooling 

_ A and C Cross and longitudinal sections of normal ncr\e stained ^Mth osmic acid 

^ ^ Same of cooled ne^^e Xote almost complete disappearance of in\ehn 

F Longitudinal section of normal nerve stained with silver F Same of cooled 
nerve rsote that most of the a\oncs show marked degeneration This animal’s leg cNhibitcd 
the mo^t marked swelling and paralysis of the entire group 
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direct injury of the tissues by cold, is responsible for the damage This 
explanation is substantiated by the knowledge (a) that cooling results in 
prolonged sustained arteriolar constriction,^ thus deci easing blood flow 
through and oxygenation of the part, and (b) that local anoxia results in 
marked increase in capillary permeability,® this latter factor thus also account- 
ing for the edema which develops 



Fig 6 — Photomicrographs (X 5-5) Nipctj three dais after cooling 
A and C Cross and longitudinal sections of normal nene stained with osmic 
acid B and D Same of cooled nene This animal did not exhibit an> demonstrable 
edema or obvious paralysis of the limb at any time, but degeneration of the nerve, as 
evidenced by disappearance of the myelin sheaths, is quite definite 

Few experimental studies of the effects of prolonged cooling have been 
reported Smith, et al in 1915, studied “trench foot” by exposing rabbits’ 
feet to cold, damp mud, and obsert'ed subacute inflammator}’^ changes in the in- 
voh ed tissues, more particularly affecting the v alls of the blood vessels Results 
more similar to our ovn ■\\ere obtained recently by Blackwood and Russell,” 
^^ho immersed rats’ tails in cold sea water for 48 to 96 hours and found that 
degeneration of both nen’^e and muscle fibers follow'ed exposure Clinical 
studies of sailors whose extremities have been exposed to cold and wet for 
prolonged periods reveal that long-standing vascular and neurotrophic dis- 
turbances may occur,® with pain, possibly due to scar contracture about small 
nen'es,® a troublesome late feature 
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It IS deal from our studies that nerves are more susceptible to damage by 
cooling than are other structures, so that the extensive degenerative changes 
111 othei tissues seen clinically after long exposure to cold may in part be 
secondary to nen^e damage It is of interest to note that the loss of all types 
of nerve fibers is in keeping vith the clinical evidence of hypofunction of the 
somatic motor and sensoiy nerves and of the autonomic fibers to blood 
vessels and sweat glands The trophic changes m the tissues resulting fiom 
a loss of their innervating fibers, also, may play a part m the prolonged 
delay of wound healing known to occui in such tissues, “ and furthei serve as 
a warning against the indiscriminate use of i efrigei ation as a therapeutic 
measuie when the aim is othei than amputation of the lefiigerated part 

SUMMARY 

Immersion of a dog’s limb in watei at 6° C for 96 hours results in 
edema and in temporal y depression of sensory and motor function of the 
exposed extremity It is followed by varying degiees of degenei ation of 
the neives m the cooled aiea, without demonstrable histologic changes 
occurring in other tissues Although diiect injury from the cold may play 
a minor role, the degenerative changes are regarded as being due essentially 
to ischemia of the pait duiing and following the cooling period 
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Since Harris’’^ description of the syndrome resulting from excessive 
secretion of insulin in 1924, many of the problems of this disease have been 
solved The criteria for a diagnosis of islet cell adenoma and the indication 
for operation have been well sti essed by Whipple The importance of con- 
sidering all of the many causes of spontaneous hypoglycemia, and aids m the 
diagnosis of these, have been pointed out by Wilder,^^ Brunschwig,^ and 
others The use of a low carbohydrate diet foi the diagnosis and manage- 
ment of some of these patients, as advocated by Waters,^® has been a valuable 
contribution The metabolic studies to deteimme the amount of carbohj’drate, 
protein, and fat oxidized by these patients, as proposed by Conn,^ have been 
an impoitant addition to the study of the problem, and they are particularly 
useful in the study of questionable cases 

It has become apparent that functional hypoglycemia is a fairly common 
condition, while organic hypermsuhmsm is quite rare This fact makes 
the caieful study of these patients, using every diagnostic aid available, in 
ordei to establish an etiologic diagnosis of the hypoglycemia, of the utmost 
importance 

When the “Whipple tiiad” of symptoms is present, surgical exploration of 
the panel eas is clearly indicated, and an islet tumor will be present in nearly 
all cases This triad includes nervous system disorders, such as confusion, 
coma, convulsions, collapse coming on in the fasting state while the blood 
sugar level is 50 mg per 100 cc , or less, and the relief of symptoms by the 
administration of glucose When the blood sugar does not fall to 50 mg per 
100 cc during an attack, a caieful search foi causes other than islet adenoma 
must be made, and the etiologic factor may be found to be one of the following 
conditions (Table I) 

When the blood sugar, during an attack, is above 50 mg per 100 cc a 
diet low in carbohydrate, 50 Gm , or less, and high m protein will often give 
relief from attacks, because while 50 per cent of the protein may yield dextrose, 
this conversion takes place at a slow, even rate, and this fact, as well as 
the slower absorption rate of protein, prevents any marked elevation of the 
blood sugar, which would, in turn, stimulate the pancreas 

It has been shown by Conn** that the glucose tolerance curve is in- 
fluenced by the antecedent diet in normal people as well as those with 
Itypogl} cemia We feel that a glucose tolerance test taken after a proper 
preparatory diet is of definite diagnostic value in cases of hypoglycemia 
Organic and functional hypermsuhnism, both, charactensticallj-, give a low 
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TABLE 1 

ETILOGIC CLASSIFICATION OF SPONTANEOUS HYPOGLYCEmA (cONN) 

. I Organic — recognizable anatomic lesion 

(a) Hyperinsulinism 

1 Pancreatic island cell carcinoma 

2 Pancreatic islet cell adenoma 

3 Generalized hypertrophy and hyperplasia of islands of Langerhans 

(b) Hepatic disease 

1 Ascending infections — cholangitis 

2 Toxic hepatitis 

3 Diffuse carcinomatosis 

4 Fatty degeneration or metamorphosis 

5 Glycogenosis (\on Gierke’s disease) 

(c) Pituitary hypofunction (anterior lobe) 

1 Destructive lesions (chromophihc tumoi s, cysts, etc ) 

2 Atrophy and degeneration (Simmonds’ disease) 

3 Thyroid hypofunction — secondary to pituitary hypofunction 

(d) Adrenal hypofunction (cortex) 

Atrophy or destruction of cortex 

(e) Central nervous system lesions (some interfere with nervous control of 

blood sugar 

II Functional — no recognized anatomic lesion 

(a) Hyperinsulinism (autonomic nervous system imbalance) 

(b) Renal glycosuria 

(c) Pregnancy and lactation 

dextrose tolerance curve, and the organic cases usually have an abnormally 
low fasting level Studies on the utilization of the injected glucose are espe- 
cially indicated in borderline cases The method which we have used is 
that suggested by Johnston,^ of taking a basal metabolic rate prior to 
injection of glucose, and repeating the metabolism test at o 5 hour, i hour, 
2 5 hours, and 3 hours after the injection Urine samples are examined for 
nitrogen and sugai if the proportion of carbohydi ate, fat, and protein utilized 
are to be determined The calculation from these studies of the respiratory 
quotient gives diagnostic information, and is also of benefit in following the 
patients postoperatively 

We feel that in patients who do not confoim exactly to the “Whipple 
triad” and yet have the symptoms of hyperinsulinism, that these studies may 
aid in determining the advisability of performing a subtotal pancreatectomy 
Two cases which had this operation are piesented, one of which had extensive 
pre~ and postoperative studies 

CASE^REPORTS 

Case I — M B, white, female, age 19, single, was first seen April ii, 1935 Her 
chief complaints were severe headaches and abdominal cramps She also had a chronic 
cough, and had excessive weight gam Roentgenograms of the chest and skull were 
both negatne Her basal metabolism rate was minus five At this time the patient was 
taking one grain of thyroid dail} Fasting blood sugars were yS and 99 mg per cent 
In Januarj', 1936, the patient admitted haMiig had frequent attacks of A\eakness, 
sweating, tremor, and a metal reaction described as stuporous This was associated 
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with the lack of food, and was quickly relieved by the ingestion of carbohjdrate At 
this time a glucose tolerance test was made and the results are shown in Chart i Blood 
sugar levels taken during attacks were from 55-6o mg The family history was essentially 
negative, except for the occurrence of diabetes in an aunt on the maternal side The 
patient’s past history was noncontributory 

Pli\ysical Examination — The patient appeared to be a well-developed, slightly obese 
female, in no apparent distress She was S feet, 5^ inches in height, and 165 pounds in 
weight (estimated normal weight 138 pounds) Except for obesity and midepigastric 
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Chart i — Ctsc i Preoperatne glucose tolerance and phosphorus curves 
tenderness on palpation the physical examination was normal The chest was clear, 
the heart normal, blood pressure 118/74 Routine laboratory examinations, including 
uranaljsis and blood count, w'ere negative Clinical Diagnosis Spontaneous hypoglycemia 
Opciation — Februarj 10, 1936 No tumor was found and, so, approximately two- 
thirds of the pancreas was remoied Duiiiig the opeiation the patient W'as given 400 cc 
of glucose mtrav enousl> and 500 cc of whole blood Hourl>, postoperative blood sugar 
determinations were made and measured 250, 230, 230, 170, and 140 mg per cent, 
respectiv elj 

Dailv, fasting blood sugar determinations were made postoperativelj and measured 
135. 129, III, 129, 105, 104, 75, 93, 96, 84, and 89, respective^ The postoperative 
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course was uneventful The patient lemained asymptomatic The microscopic appear- 
ance of the gland was described as normal Two months afterwards, a glucose tolerance 
was made and the results are shown m Chart 2 

The patient made an uneventful recovery She has had no return of symptoms and 
blood sugar tests taken each year have remained normal The pre- and postoperative 
respiratory quotients are shown in Chart 3 

Case 2 — M C, white, female, age 43, married, first entered the hospital, August 25, 
1942, wuth complaints of nervousness, backache, low blood pressure, and sinus tiouble 



GLUCOSE. 

PHOSPHORUS 

Chart 2 — Case i Postoperati\ e glucose tolerance and phosphorus cur\es 

ir fiist attacks of nervousness began in 1929, and were characterized bj weakness, 
rvous irritability, excessive perspiration, and ravenous liunger, all occurring about 
ree hours after meals, being worse after exercise, and which were rehev^ed bv eating, 
[lecially readih available carbohvdrate From her own experience she learned to eat 
ur or five meals dailj, vet lost weight graduallj Her attacks became progressive!} 
□re severe, and soon began to occur m the earlv morning, and as carl} as one hour 
ter meals Further s} mptomatologv included memory loss during attacks, mental 
oudiness, speech diflicult}, and visual disturbances There was never am loss of 
msciousness Peisonalit} changes made their appearance because of the patients 
mptoms occurring when out with other people 
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The patient’s past history was essentially noncontributory, and consisted, in the 
main, of a number of unsuccessful operations designed to alleviate her symptomatology 
The family history was of interest in that exactly similar symptoms were found in 
members of three successive generations — the father, one brother, and a daughter 

Physical examination was essentially normal The patient was a well-developed 
and well-nourished white female, measuring S feet, 2 inches in height, and weighing 



Chart 3 — Case i Respiratory quotient before and after operation 


1 19 pounds The head and neck were normal The chest was resonant, breath sounds 
normal The heart was not enlarged, the rhythm regular, heart sounds normal, no 
murmurs heard Blood pressure 95/60 Except for well healed postoperative scars, 
the abdomen presented no abnormalities No masses were palpable Examination of 
the extremities and pelvis was likewise normal 

Laboratory Data — The Kline exclusion test for syphilis w^as negative The blood 
count was noimal — hemoglobin 149 Gm, R B C 4,870,000, W B C 7,600, with 
51 per cent polys Urinalysis was negative, and the stool examination normal Fasting 
blood sugars varied from 61 to 69 mg per cent Other special examinations were also 

754 




Volume 120 
Number 5 


HYPERINSULINISM 


made Blood diastase measured 13 o Cephalm-cholesterol liver function test was 
one plus In the serial 2 mg -bromsulfalem test there was no retention of dye m 
20 minutes The B Ai R was minus five, R Q o 77 Twenty-four-hour urine for 
quantitative sugar was negative Fractional gastric analysis was normal, and except 
for poor “B” bile, transduodenal biliary drainage was negative Roentgenograms of 
the spine, skull, chest, gallbladder, stomach and duodenum were all normal Severe 
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Chart 4 — Case 2 Preoperative glucose tolerance and phosphorus curves 

symptoms were induced in the fasting state by strenuous exertion, at which time the 
blood sugar measured 60 mg per cent One milligram of epinephrine was given sub- 
cutaneously, with relief of all symptoms within 15 minutes, when another blood sugar 
specimen measured 73 mg per cent 

The patient was discharged, September 2, 1942, on a high protein, low carbohydrate 
diet, With 5-6 meals daib^ and thyroid extract gram o 5 daily Despite this program, 
symptoms became gradually more se\ere, and the patient was readmitted January 24, 
1943, and, again, on April ii, 1943 Glucose tolerance tests were repeated on each of 
these occasions, and the last one had to be terminated at the end of i 75 hours because 
of the se\erity of the lijpogljcemic reaction (Chart 4) On this latter occasion further 
laboratorj observ'ations were made The blood N P M measured 265 mg per cent 
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blood sodium 332, blood potassium 175 The B M R was now plus four, the R Q 
0 80 The cephahn-cholesterol lest was plus three, and the intravenous hippunc acid 
test measured 098 Gm Prothrombin was 100 per cent 

The patient was transferred to the Surgical Service for operation, April 22, 1943 
In preparation for operation she w'as given 500 cc of 10 per cent glucose intravenously 
This was followed in i 5 hours by a reaction wdiich required the injection of 50 cc of 
50 per cent glucose for lelief During the operation she w'as given 500 cc of 10 
per cent glucose and 500 cc of whole blood The tail of the pancreas was found to 
be hyperplastic and firm, but no adenoma could be found, and approximately five-sixths 



I I - 1— I : UJ. — ^ — : — I — I — ; — 1 — 

»■■ ■ glucose. 

PHOSPHORUS 


Chart s Case 2 Postoperative glucose tolerance and phosphorus cun es 

of the gland was resected The microscopic examination of the gland was described 
as normal Postoperative blood sugar determinations were made hourly, and measured 
108, 91, 85, 109, 127, 131, 145. 1 12, 132, 98 respectively A glucose tolerance test 
was made 24 hours postoperatively, and the results arc shown in Chart 5 Daily blood 
sugars varied between 80 and 100 mg per cent Postoperatively, the serum cholesterol 
level was 135 mg per cent and the total plasma fat 450 Analysis of stool specimens 
for fatty acids, neutral fat, and total fat, after tlie ingestion of a high fat meal, was 
within normal limits, show'ing satisfactory function with regard to the pancreatic 
external secretions 
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The patient^ postoperative course was completely uneventful She is at present 
enjoying evcellent health and has had no return of symptoms The fasting blood 
sugar level has been between So-roo mg per cent since the opeiation 

Discussion — The failure to find an islet adenoma in these cases was 
at first disappointing, but the excellent results obtained following subtotal 
pancreatectomy has led us to agree with David® and Womack/® that this 
IS the procedure of choice when no adenoma can be found, after a careful 
search of the pancreas and the usual sites where heterotopic pancreatic 
tissue sometimes occurs ® While excellent results may be expected follow- 
ing a subtotal resection, we would again like to caution against anything 
less than a subtotal resection The function which the pancreas plays in 
digestion was found not to be affected significantly when four-fifths of 
the gland had been removed 

The use of a high protein, low carbohydrate diet for a preoperative 
trial is excellent We have, in some cases, experienced difficulty in gettino 
patients to refrain from the ingestion of some carbohydrate when the pro- 
dromal symptoms of an attack appear The symptoms are quite unpleasant, 
and the patients’ complete confidence is necessary to keep them from es- 
caping this b}^ taking a little carbohydrate, which they have found relieves 
them, at least temporarily 

Hyperplasia of the islet cells is difficult to be sure of pathologically, 
just as It is difficult to tell which tumors are benign and which are malig- 
nant This difficulty has pieviously been expressed by Womack,^® and 
also by Fiantz® The microscopic appearance of the two cases here re- 
ported was described as normal 

SUMMARY 

Two additional cases presenting the syndrome of spontaneous hypo- 
glj^cenua, and m which no islet tumor could be found, are reported The 
very satisfactory results obtained following subtotal resection in these cases 
makes us confident that no actual islet tumor existed Emphasis is again 
directed to the fact that a large amount of pancreas must be resected in 
these cases 

The stud}^ of metabolism of glucose in these patients after they have 
been on a standard preparatory diet may be of benefit in a diagnostic way 
and in evaluating the results of treatment 

The removal of a large amount of the pancreas does not seem to cause 
any subsequent digestive oi metabolic disturbance 
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STELLATE GANGLION BLOCK 

A NEW ANTERIOR APPROACH 

Major Daihd R Mtjrphey, Jr , M C , A U S 

Tasipa, Florida 

FROM THE SECTION OF GENERAL SURGERY, AAF REGIONAL STATION HOSPITAL, 

AAF tactical center, ORLANDO, FLORIDA 

The temporary interruption of sympathetic impulses by the injection 
of procaine hydrochloride about the sympathetic ganglia is a recommended 
therapeutic procedure in acute vascular injuries ® The purpose 

of the injection is to overcome secondary spasm of the collateral vessels 
■Reflexes, arising in the damaged segment of a blood vessel and ‘transmitted by 
the sympathetic nenmus sj^stem, give rise to this spasm. In time of war, 
with the great increase m the number of patients suffering from vascular 
injuries of the extremities, a simple technic for the injection of the sympathetic 
ganglia is desirable This is especially true when one recognizes that the 
majority of these cases will, of necessity, be cared for by physicians whose 
experience 'in this field of surgery is more or less limited The technic for 
injecting the lumbar sympathetics is not difficult The prominent landmarks 
and the absence of important structures in the immediate vicinity of this 
portion of the sympathetic chain make this procedure relatively simple This 
IS not true of the sympathetic supply to the upper extremity which is generally 
interrupted by infiltration in the region of the stellate ganglion This 
stiucture lies close to the great vessels of the neck (Fig i), and is intimately 
related to the dome of the pleura Recently, a soldier was admitted to this 
hospital suffering from ischemia of the upper extremity secondary to trauma 
of the brachial artery Repeated attempts by various members of the surgical 
staff to interrupt the sympathetic supply to this extremity were unsuccessful 
The purpose of this report is to present a technic for stellate ganglion block, 
which was developed as a result of this experience, and which has proven 
successful in our hands 

Two approaches to the stellate ganglion have been generally employed 
One technic employs a posterior paravertebral route and is essentially the 
method described by Labat,^ in 1924 The “occasional” operator finds it 
difficult to advance the tip of the needle forward along the vertebral body 
sufficiently to contact the sympathetic chain and at the same time avoid 
the pleural cavity The parietal pleura is m intimate contact with the 
thoiacic vertebrae, and the advancing needle must pass beh\een them With 
the second method the stellate ganglion is injected by inserting the needle 
anteriorly just above the clavicle In the latter technic failure to inter- 
lupt the sympathetic pathway has been frequent The tip of the needle often 
enteis one of the gieat vessels of the neck and on changing the direction 
sufficiently to avoid these structures contact with the vertebra cannot 
be made In addition, AMth the cutaneous puncture site just above the 
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Tig r Anatomic draw mg of a cross section of the neck at the level of the cricoid cartilage 
with the needle directed posteriorly and medially at an angle of 15 degrees with the ventral surfaic 
of the scalenus anticus muscle 



Fig 2 — Sketch of patient with needle in place illustrating its relationship to the important land 
marks Inset, photograph of the same patient 

Techme of Stellate Gaitghbn Block by the Proposed Anterior Approach The patient is placed in 
a supine position on a firm bed The skin is surgically prepared and the landmarks, % e the cricoid 
cartilage and scalenus anticus muscle, are identified by palpation The latter is more easily felt if 
the patient’s face is turned toward the opposite side and the neck extended A thin pillow'under the 
patient’s shoulders gives adequate extension of the neek The external jugular vein crosses the lateral 
edge of the scalenus anticus muscle at the level of the puncture site (cricoid cartilage), and is an aid 
to Its identification A wheal of novocane is made at the point of puncture, te at the edge of the 
scalenus anticus muscle, and in the same place as the cricoid cartilage A fine lumbar puncture needle 
is introduced through this wheal and directed posteriorly and medially in line with the cricoid cartilage 
at a s to 15 degree angle with the horiontal plane (bed) The point of the needle contacts the antero 
lateral surface of the 7th cervical vertebra at a depth of 3 5 to 6 cm If contact with the vertebra is 
not made, the needle should be withdrawn and reinserted with the tip directed more posteriorly The 
needle is withdrawn from immediate contact with the vertebra to clear tne point of the periosteum prior 
to injection Before the novocaine solution is introduced, the needle should be aspirated to ascertain 
that it does not lie within a blood vessel or the subarachnoid space It is possible to enter the latter 
through one of the vertebral toramens Ten cubic centimeters of a 2% novocaine solution are then 
injected There is sufficient spread of the solution through the fascial planes to block completely the 
sympathetic supply to the upper extremity Evidence that the solution has been properly placed is the 
development of a Horner s syndrome, 1 e ptosis of *he upper lid, slight elevation of the lower lid with 
narrowing of the palpebral fissure, enopthalmos contracted pupil and anhidrosis In addition to the 
above changes there is a marked congestion of the conjunctiva due to dilatation of its vessels This 
phenomenon usually occurs within ten minutes after the injection 
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clavicle the cervical projection of the apex of the lung is fiequently injured, 
lesulting in the development of pneumothorax Although this complication 
usually IS not followed by serious sequelae, it should be avoided 

The stellate ganglion, formed by the fusion of the inferior cervical and 
first dorsal sympathetic ganglia, lies on the anterolateral surface of the 
fii St thoracic and 7th cervical vertebrae between the head of the first rib and 
the vertebral artery Frequently it exhibits a length of 2 5 cm The 
cervical sympathetic trunk immediately above the ganglion lies on the 
fleep fascia of the neck covering the anterioi surface of the longus capitis 
and longus colli muscles (Fig i) This fascia is continuous with, and in 
the same plane as, the deep fascia covering the anterior surface of the 
anterior scalene muscle The phrenic neive which lies on the deep fascia 
covering the anterior scalene muscle, therefore, lies lateral to, but in the 
same plane as, the cervical sympathetic trunk The internal jugular vein, 
caiotid artery, and vagus nerve, enclosed in then fascial sheath, he anterioi 
to these muscles The dome of the pleuia and apex of the lung extend well 
above the clavicle anteriorly and to the lowei edge of the first rib posteriorly 
Dissections of the neck performed upon cadavers have confirmed the above 
anatomic relations With the patient supine, it was found that if aq ordinal y 
spinal puncture needle was inserted at the level of, and directed toward, the 
cricoid cartilage, it would pass above the apex of the lung If this puncture 
site was at the lateral edge of the scalenus anticus muscle and the needle was 
inserted with the point directed posteriorly so that the shaft made an angle 
of from 5 to 15 degrees with the horizontal plane, the needle would pass 
behind the great vessels and contact the body of the 7th cervical vertebra 
(Figs I and 3) Frequently the point of the needle was found m contact 
with the stellate ganglion 

Clinical application of this approach was successful 111 67 out of 70 at- 
tempts (95 7 per cent) Furthermore, these injections have been carried 
out by four different medical officers, which is supporting evidence in favor 
of the accuracy and simplicity of the procedure 

Complications arising as a result of the injection of the stellate ganglion 
by this approach have been few The patients almost universally complain 
of pain when the deep fascia near the vertebral column is pierced, but this 
discomfort is only transitory The novocame solution, m addition to sur- 
rounding the sympathetic chain, has occasionally spread to the spinal nerves 
resulting in temporary hypoesthesia and paresis of the corresponding upper 
extremity The seventh and eighth cervical and first thoracic roots are the 
ones usually involved Fluoroscopic examination of our patients, following 
the injection, have failed to reveal diaphragmatic paralysis as a result of 
spread of the solution to the phrenic nerv'^e With the phrenic nerve and 
cerMcal sympathetic trunk lying in the same fascial plane such diffusion 
could easily occur The needle entered the subarachnoid space in one case 
as sho\\n by aspiration of spinal fluid It should be noted that the needle 
passed through the intervertebral foramen without causing pain The 
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needle was withdrawn, replaced, and the stellate ganglion injected No 
untoward symptoms were noted on this patient Although procaine is a 
relatively nontoxic drug, the danger of a toxic reaction must be constantly 
borne in mind This danger can be minimized, according to Weiss,^^ by 



a 



Tic 3 — Lateral and anteroposterior x rays of a patient with the needle in place 
The tip of the needle can be seen to be in the anatomical location of the stellate 
ganglion, t c , at the inferior border of the body of the yth cervical vertebra The 
needle is also seen to be above the apical portion of the lung 

the preliminary use of one of the barbiturates This has been done in all 
of om cases and no evidence ofiprocaine reaction has been noted 

SUMMART 

1 An anleiioi appioach foi injection of the stellate ganglion has been 
described 

2 The complications encounteicd \Mth tins method have been brief!) 
discussed 
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CONGENITAL ATRESIA OF THE ESOPHAGUS 
WITH TRACHEO-ESOPHAGEAL FISTULA 
Rollin a Daniel, Jr , M D 

Nashville, Texst 

I ROM THE DEPARTMENT OP SURGERT VANDERBILT UNIVERSITY MEDICAL SCHOOL NASHVILLE TENN 

During ihc last jhrec years seven infants with congenital atresia 
of the esophagus weie admitted to the Vanderbilt University Hospital A 
ti acheo-esophageal fistula, Vogt’s type 3B^ was present in each case All 
of these patients w^eie opeiated upon The operative procedures have varied 
but in all cases the fistula has been exposed at operation An end-to-end 
anastomosis of the segments w'as attempted in three cases and it w'as possible 
to bring the ends of the segments together in two of them One patient 
suivived and is living This child is six months old 

A summaiy of the cases is piesented m Table I, and the one case in 

which a successful anastomosis was effected is leported in detail 

Case Report — R L C, male, born November 28, 1943, in the Vanderbilt Uni- 
versity Hospital, at term He was the first child of a healthy and normal mother, 

age 33 At birth the infant weighed 6 lbs , 7 75 ounces He breathed spontaneously, 
and physical examination revealed no abnormalities Thirty-six hours after birth 
It was noted that the child had an unusually large amount of mucous m his mouth and 
throat, and 56 hours after birth the following note was made by the Pediatric intern 
“Baby having a large amount of mucous and is vomiting practically all fluids offered 
Believe this baby should be investigated for possibility of tracheo-esophageal fistula " 
The infant was given 50 cc of blood plasma and 50 cc of 10 per cent glucose intra- 
venously and 200 cc of normal saline solution subcutaneously, and a catheter was 
passed into the pharynx The tube could be inserted for a distance of only six 

inches, where it met an obstruction The infant was then taken to the Roentgenologic 

Department, where a swallow of radiopaque oil revealed the esophagus to end in a 
blind pouch about two inches below its origin The presence of large amounts of 

gas in the gastro-intestinal tract confirmed the diagnosis of congenital atresia of 

the esophagus, with ti acheo-esophageal fistula 

The patient was transferred to the Surgical Service At this time his weight 
was 5 lbs 125 ounces The breath sounds were rough throughout both lung fields 
but there was no evidence of consolidation The patient shov^ed no evidence of de- 
hydration 

He was given 25 cc of blood plasma and 25 cc of 10 per cent glucose solution 
intravenously, and too cc of normal saline subcutaneously, and taken to the operating 
room 84 hours after birth 

Operation — The skin of the posterior neck and back was prepared with soap, sterile 
water and alcohol The skin and subcutaneous tissues about the line of incision were 
infiltrated with o 5 per cent procaine solution No other anesthesia was used throughout 
the procedure 

An incision about six centimeters long was made about one centimeter to the left 
of the spinus processes, extending between the spine and the border of the scapula The 
3rd, 4th, and 5th ribs were divided and segments of the ribs about one centimeter in 
length were excised The ribs were retracted forward The intercostal muscles were 
divided and the parietal pleura was carefully stripped from the surface of the trans- 
V erse processes and the spine This dissection was cari led down until the mediastinum 

The author wishes to express his appreciation to Dr Mary Clark of the Department 
of Pediatrics, for her untiring efforts in the postoperative care of this patient 
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was reached Three upper intercostal arteries were divided between clamps and were 
ligated with fine silk In this way the arch and upper portion of the descending aorta 
could be mobilized and retracted forward After a rather lengthy search, the upper 
blind pouch of the esophagus was located and its lower portion was freed A traction 
suture of silk wps placed through the lower end of this pouch The trachea was then 
exposed The right and left mam stem bronchi were identified and the lower segment 
of the esophagus was found attached to the carina (Fig i) it was treed and a 
ligature of fine silk was placed around the lower end of the esophagus close to the carina 
A No 10 F catheter was placed through the infant’s nose into the upper segment of 
the esophagus A very small opening was then made through the lower end of the 



Fig I — Sketch showing the deformity observed in Case 6 (Posterior 

view) 

blind pouch of the esophagus The catheter was passed through this opening into 
the wound The exposed portion of the lower segment of the esophagus was of 
extremely small caliber and had a very thin wall With the scissors a small nick was 
made in the side of the wall of the lower segment about five millimeters below the silk 
ligature (Fig 2) The end of the catheter was then threaded through this opening 
into the lumen of the esophagus and passed downward for a distance of about six 
inches Another^ ligature of fine silk was then placed around the esophagus and was 
tied tightly over the lower segment of the esophagus and the enclosed rubber catheter 
about three millimeters below the opening through which the catheter was placed (Fig 3) 
The lower segment of the esophagus was then divided completely between the two 
ligatures Slight upward traction was placed on the catheter In this way the lower 
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segment could be pulled upward a little way Interrupted fine silk sutures were placed 
in the wall of the upper segment and through the wall of the lower segment below 
the ligature so that when these sutures were tied the lower segment was inbncated 
into the upper segment (Fig 4) Interrupted fine silk sutures were placed in this manner 
around the entire circumference of the esophagus Toward the end of this procedure a 
small hole was inadvertently made in the parietal pleura, so that a pneumothorax 
was created 



Fig 2 — The upper intercostal arteries bare been dmded between ligatures and the arch of the 
A traction suture fixes the end of the upper pouch, into >\hich has been passed a small 
catheter The lower segment has been ligated just below the fistula and an opening has been made 
throi^h the side of the wall of the lower segment 

ric 3 — The catheter has been passed through a small opening at the lower end of the upper pouch 
and through the opening in the wall of the lower segment, downward into the stomach The lower 
segment has not j et been completelj dir ided 

A small rubber tissue a\ick was placed into the wound and its end was left about 
one centimeter lateral to the esophagus The surface of the wound was dusted with two 
grams of sulfanilamide powder The soft tissues of the wound were brought together 
and sutured m lajers with interrupted fine silk sutures Traction on the catheter 
^\as maintained while closure of the wound was effected A Logan’s bow was applied 
to tlie child’s face and the catheter was strapped to tlie bow wnth adhesne in such 
^ "aj as to maintain the traction which had been applied to the catlieter 
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The child was given oxygen throughout the piocedure There were short periods 
of cyanosis but at the end of the procedure the child’s general appearance was fairly good 
Postoperative Course — Immediately upon return to the ward, the patient was placed 
m a warm incubator crib m the Trendelenburg position Oxygen was given by means 
of a mask placed near the face Twenty cubic centimeters of blood plasma and 20 cc 
of 10 per cent glucose solution were administered intravenously, and 60 cc of normal 
saline were given subcutaneously Fluids were administered m this manner every four 
hours during the next two days 



Fig 4 — The long segment has been completel> divided 
and IS being imbricated into the upper segment Consider 
able traction has been placed on the catheter to pull the 
lower segment upward slightlj 

Forty-eight hours after the operation it was noted that there was no tension on 
the catheter, and that it could be moved up and down through the esophagus 

Feedings of 10 per cent glucose every two hours were begun, through the catheter, 
48 hours after operation Two days later he was begun on 15 cc of skimmed milk 
formula every two hours 

Occasional episodes of cyanosis followed the accumulation of mucous in the 
mouth and throat Scattered moist rales were heard over both lung fields, and a 
roentgenogram of the chest, made seven days after operation, showed some scattered, 
hazy areas of decreased penetration throughout both lung bases * 

On the seventh postoperative day the esophageal catheter became obstructed, and 
despite repeated attempts it could not be reopened It was thought to be inadvisable 
to remove the catheter because of the belief that a stricture at the site of anastomosis 
was almost certain to occur Gastrostomy was performed and small feedings of formula 
and 10 per cent glucose solution were begun 24 hours after operation Feedings were 

768 



'loiume 120 
KumbeT 5 


ATRESIA OF ESOPHAGUS 


gradually increased in amount until the normal calculated quantity of formula was 
given, in I2 daily feedings, ten days following gastrostomy 

During this period of time tiie esophageal catheter was left in place Two weeks 
after gastrostomy was performed an attempt was made to delner the end of the 
catheter through the gastrostomy wound The tube could not be found, even b} 
direct vision through a small esophagascope inserted through the gastrostomy wound 
Repeated attempts were made to find the catheter during the succeeding ten days, when 
this was accomplished by means of a simple hooked piobe A braided silk string ivas 
tied to the end of the cathetei, the catheter remoi'ed thiough the nose and the string left 
through the esophagus 

Dilatations were begun with a No 12 F retrograde bougie the following day, five 
weeks after the original operation Five days later a No 16 F bougie was passed with 
little resistance The child then suddenly developed a severe diarrhea Innoculation 
of the corneae of a rabbit revealed a virus, recently described by"^ Buddingh and Dodd- 
as the cause of severe stomatitis and diarrhea in infants Cultures from the mouth of the 
intern caring for the patient revealed the presence of the virus and indicated the source 
of the infection 

Dilatations were not earned out then for ten day's During this time the patient's 
diarrhea had become very severe In spite of the frequent administration of blood plasma 
the patient became edematous When regular dilatations w’ere begun again, a No 14 F 
bougie w’as passed w'lth some difficulty 

After tw'o weeks the diarrhea subsided completely Since then the child has 
gained weight progressively Dilatations have been continued once or twice weekly', and 
at the present time the patient weighs 18 pounds He appears to be developing normally 
and IS taking all of lus feedings by mouth A No ‘30 F bougie is being passed through 
the esophagus at intervals of one week Roentgenologic examination reveals a narrow- 
ing at the site of the anastomosis, but there is no delay of thin barium feedings at the 
site of the stricture 

Discussion oi Cascs — In attempting to evaluate the cases w hich have 
been opeiated upon, seveial factors are apparent In the first case observed, 
a tight-fitting mask and positive pressuie anesthesia tveie employed During 
the course of the opeiative procedure the stomach became greatly distended 
'Mth gas It should be lealized tliat this is bound to occui, since the stomach 
communicates with the tiachea The same thing occui red at the time of the 
second operation upon Case 4 In this case the esophagus had been ligated 
with umbilical tape at the esophageal hiatus of the diaphiagm thiough an 
abdominal incision Tw'enty-five days afteiwaid the infant coughed up a 
small amount of the feeding which had been given thiough the gasti ostomy 
tube At opeiation, and latei at autopsy, it w'as pi oven that the esophagus 
had recanahzed The tape ligatuie was found lying within the lumen of the 
cardiac end of the stomach at autopsy 

Thus, a transpleural incision is not de^iiable if one expects to resort to 
the use of the tightly-fitting mask and positive piessuie anesthesia Further- 
more simple ligation of the lower segment of the esophagus particular]} at 
tts lower end, is hkeh to be followed b} recanahzation of the esophagus two 
01 thiee weeks later 

A posterior retropleural incision was emplo}ed in fne of these cases In 
four of these the incision was made on the light side the azygos yein beinq 
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doubly ligated and divided We feel that this is pieferable to an incision 
on the left side, where the arch of the aorta lies in the way The one suc- 
cessful operation reported here was accomplished through an incision made 
on the left side, however 

The position of the fistula between the low^er segment and the trachea is 
variable In two of the cases reported heie the fistula was directly at the 
carina In the remaining cases the fistula w'as in the posterior wall of the 
trachea, somewhat above the bifurcation The length of the upper segment 
varies also In Case 7, the upper segment was unusually short, and tension 
on the suture line was extreme Exteriorization of the upper segment and 
gastrostomy should have been resorted to in this case wdien it became apparent 
that the anastomosis could not be satisfactorily accomplished The distance 
between the two segments m Case 6 was all of tw'o centimeters The upper 
segment was fairly long and although the fistula w^as at the carina and the 
upper end of the lower segment was extremely small, it was possible to “tele- 
scope” It into the upper segment because of the mobility of the upper segment 
and the slight upward displacement of the lower segment which w^as effected 
by means of traction on the catheter 

In Case 5 the operative procedure was too great Cervical esophagostoni} 
and gastrostomy should have been defeired and performed at another time 
Comment There have been approximately 400 cases of this type of con- 
genital abnormality reported The condition is undoubtedly more common 
than this number would seem to indicate 

There have been two methods of approach to the surgical treatment of 
this condition The first aims to interrupt the continuity of the lower segment 
of tlie esophagus and to create an esophagostomy by bringing the upper segment 
to the skin of the neck The construction of a subcutaneous epithelial-lmed 
tube to communicate between the upper segment of the esophagus and the 
stomach is undertaken later Such a plan obviously requires several opera- 
tions The second plan is directed toward the establishment of continuity 
of the esophagus within the thorax The latter plan, accomplished in a 
single operation, is the ideal one 

Leven,® in 1941, reported the first successful operation for congenital 
esophageal atresia, with tracheo-esophageal fistula This child was operated 
upon in November, 1939, and is still alive A gastrostomy was first performed, 
followed at successive operations by extrapleural ligation of the fistula and 
cervical esophagostomy An external esophagus has since been constructed 
Since that time several additional successful procedures of this type have 
been reported (Ladd, Humphreys, Haight) 

In June, 1943, Haight and Towsley^ reported the first successful operation 
for the establishment of the continuity of the esophagus Since then, seven 
additional successful operations have been reported, five by Haight,® one by 
Humphreys,® and one by Ladd 

It is our belief that the fistula should be exposed at operation in all cases 
and that it should be closed and the lower segment of the esophagus divided 
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as near the fistula as possible In the seven cases reported here, the fistula 
has been exposed at the first operation upon six patients, and ligation and 
division of the lower segment was performed m five 

Following closure of the fistula an attempt should be made to effect an 
anastomosis of the two segments of the esophagus The upper segment lies 
very high m the thorax, and its length is variable m different infants It may 
be exposed by dissecting just behind the trachea It is usually easily recog- 
nizable Its position IS not fixed, as is the end of the lower segment, but it 
moves up and down with movements of the child 

If the distance between the two segments is so great, or the lower segment 
is so delicate, that a direct anastomosis cannot be accomplished, the wound 
may be closed and the infant turned on his back, where a short incision 
may be made along the anterior border of the lower end of the left sterno- 
cleidomastoid muscle The upper segment can be easily located, freed, and 
brought out to the skin It should be pointed out that the operation performed 
upon the one successful case m this series was upon an infant in whom the 
lower segment communicated with the trachea at the carina and that the 
upper end of the lower segment was very poorly developed, being com- 
posed on its anterior side of only the mucous membrane A procedure such 
as the one employed here may be useful m the construction of an intra- 
thoracic esophagus even when there is a considerable defect m the continuity 
of the esophagus and where the lower segment is so poorly developed as 
to make end-to-end suture, without the aid of a catheter, or some similar 
device, impossible 

Thus, by directly attacking the fistula, one may accomplish end-to-end 
suture in a fair number of patients, and if it is obvious at operation that 
this cannot be done, the upper segment may still be exteriorized Gastrostomy 
should then be performed If the infant’s condition is poor, the last two 
procedures should be deferred until later 

SUMMARY 

Seven infants have been operated upon in the Vanderbilt University 
Hospital for congenital atresia of the esophagus during the last three years 
The author’s experience in the management of these patients is reviewed 
In one case a successful end-to-end anastomosis of the esophageal segments 
was performed This child is living, and is m good condition This case 
IS reviewed m detail 
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Anatomic Findings and an Operative Procedure Based Upon Them 

R Stanton Sherman, Mj!D 
San Francisco, Cai ii 

FROM Tlir DIVISIONS OP SURGFRV AND ANATOM\ UNIVrRSIT\ OF CALIFORNIA MI DICAL SCHOOL 

SAN FRANCISCO CAI IF 

The published uesulis of the tlieiapy of varicose veins and post- 
thrombophlebitic processes m the thigh and leg still leave much to be desired 
Though high ligation ofteis many adA^antages over older methods of treat- 
ment, too often (as pointed out by Harkins,^ Ochsnei and Mahorner,^ and 
others), the desiied improvement is not achieved because other sites in the 
lower limb possess incompetent or potentially incompetent perforator veins 
not controlled by the operatn^e pioceduie Our own study of 214 patients 
W'ho had had high ligation combined with retrograde injections of sclerosing 
solution showed that, in 46 per cent, the result w'as not wholly satisfactory 
(Table I), some even requiring fiiither operative procedures 

Table I 

Results* IN 214 lATIFNTS (372 LOWER LIMBS) TREATED BY HIGH LICATION AND 
RLTROGRADF INJECTION OF SCLEROSING SOLUTION 



No 

Per Cent 

Faulty high ligations 

19 

5 

Improv ineitl — Objective 

Reflux flow of blood 16-40 secondst 

201 

54 

Reflux flow of blood 0-15 secondst 
< 

171 

46 

Improvement — Subjective 

7S-100%t 

189 

51 

50- 75%t 

82 

22 

Less than 50%t 

101 

27 


* Average length of time since operation 3 years 8 months 

t Multiple tourniquet tests were employed and observations taken with the tourniquet applied at the groin 
in order to rule out inaccuracy of the high 1 gation procedure 

Of the various tests designed to locate the incompetent perforator veins 
contributing to the poor results mentioned, probably the most important is 
the multiple touimquet test This yields valuable information but is not 
sufficiently precise to disclose the exact location of the incompetent per- 
forator A^eins 

The evident failure of therapy in a consideiable number of cases and the 
inadequacy of the tests for the location of incompetent perforator veins in 
the thigh led to anatomic studies on the cadaver In a piehminary report 
the results of dissections on 19 cadavers (36 thighs), and 43 surgical dis- 
sections were outlined Since that time, anatomic dissections have been carried 
out on 54 additional cadavers (loi thighs) and 703 surgical dissections have 
been made These not only have confinned the studies previously reported 
but have yielded additional anatomic data w hich form the basis of a surgical 
procedure giving promise of mateiially improving the therapy of varicose 
veins by aiding m the elimination of incompetent or potentially incompetent 
perforator veins of the thigh 
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It IS the purpose of this paper to present the results of these anatomic 
studies and describe the operative procedure to which they contributed 

ANATOMIC STUDIES 

The location and number of perforator veins connecting the saphenous 
system with the deep veins of the thigh vary greatly Neveitheless, certain 
generalizations can be made For instance, the long saphenous vein con- 
sistently joins the femoral vein in the inguinal region Despite many varia- 
tions, the supei*ficial epigastric, superficial iliac and superficial pudendal veins 
are always represented in some manner Dissections of the thigh disclosed the 
fact that, although vaiiations are numerous, there is a scheme of placement 
of the long saphenous vein and the perfoiator veins of the thigh, so that there 
may be said to be a general pattern (Fig i. Type I) with three main varia- 
tions in type (Types II, III and IV) described below 

The embryonic pattern of the saphenous' system (Type I, Fig i) con- 
sists of two saphenous stems in the thigh The mam long saphenous vein 
(B) IS usually larger, deeper and more medial than the accessory vein (A) 
In the upper part of the thigh both tributaries of the long saphenous vein 
(A, B) are found in the expected location, superficial to the deep fascia At 
a varying level (C) m the upper half of the thigh, however, one tributary 
(B') of the mam long saphenous vein B pieices the superficial layer of the 
deep fascia, thereafter coursing deep to the deep fascia, whereas the accessory 
saphenous vein A remains superficial to the deep fascia throughout its entire 
course This tributary (B') which courses beneath the superficial layer 
of the deep fascia, assumes great importance because from it arise the mam 
perforator tributaries which connect it with the femoral and popliteal veins 
of the thigh (Fig i, H, J, K), discussed later After com sing down the 
tliigh for SIX centimeters, or more, this deep saphenous tributary again divides 
One tributary (B'") emerges from beneath the deep fascial layer at D to 
reoccupy a position superficial to the deep fascia and the other (B") continues 
down the thigh and leg between deep fascial layers 

Type II (Fig 2) varies from Type I in the absence of the accessory 
saphenous vein A Type III (Fig 3) vanes from Type I m that the accessory 
saphenous vein A, although present, does not connect with the femoral vein 
near the saphenous-femoral junction, but does connect vith the main 
saphenous vein at C just above the site where the mam saphenous vein 
dips beneath the deep fascia Type IV (Fig 4) is like Type I except for 
an apparent lack of connection at C between the lower end of the accessory 
saphenous vein A and the mam saphenous vein B The saphenous vein, 
or any of its divisions or tributaries, may be double or even triple, and con- 
siderable variation may exist in the manner m uhich the perforator tribu- 
taries of vein B' connect with the deep circulation 

MID-HUNTER CANAL PERFORATOR I^EIN 
Along with the observ'ations made on the saphenous vein and its sub- 
divisions, described above, it vas noted first m anatomic then m surgical 

773 



R STANTON SHERMAN 


Annals of Surgery 
November 1944 


SupepficiaL 

epiqas+Plc 


Supepf icial 
circumflex iliac w, 


Lonq Saphenous ^ J \ 

‘ m ^ \P- 

aJ. ^ 

I r't.k 

V ) > f tiM 


Fiq 1 Tqpe I 


-Superficial pudendal 


-Superficial medial 
■femoral CW^ 


-Femoral vein 


feirf-j 

Superfrctal f, g 

laijer of deep fascia ^ | 




Superficial K / ^ S/d'^l 
fascia M fe/ 


Upper edqe of 


—4 — Subsap-lopial ve/n(55) 

f^^^^Hiafus adducfor 
A \ maqnus 



^saphenous 


Lonq saphenous v ^ 


. ? — Drawing showing the saphenrus system as A, A', A", and B, B', B", B'" Veins 

A, A , A , B he superficial to the deep fascia, whereas distal to C, veins B', B" lie beneath 
the superficial layer of the deep fascia Vein B"' emerges from beneath the deep fascia at D 
Perforator vein H connects the main saphenous vein B' tvith the constant mid Hunter canal 
perforator vein MH 

The genicular venous plexus is composed of the highest genicular vein, P, superior medial 
genicular vein, P', inferior medial genicular vein, P”, and a tributary, T, of the short saphenous 
vein A tributary, PP', of the deep saphenous drains the medial aspect of the leg and empties 
into the genicular plexus 

The subsartorial vein connects the mid Hunter canal vein with the genicular plexus at R 
Accessory perforator veins, Q, emerge into the superficial fascia without making direct 
connections with the mam saphenous stem B' B" Perforator veins J, K msJve direct connec 
tions between the main saphenous stem B" and the subsartorial vein 

SM and GM are tributaries draining the sartorius and gracilis muscles 

dissections, that at a point in the thigh varying from i 6 to 22 cm above the 
upper edge of the patella, lies a constant tributary (MH) of the femoral 
vein This tributary, accompanied by a branch of the femoral artery and 
one of the saphenous nerve, pierces the deeper fascial layers to become more 
superficial than the femoral vein It divides into several tributaries which 
dram adjacent muscles, especially the gracilis (GM) and sartorius (SM) 
Of utmost importance is the fact that, with great constancty, af least one of 
these tributaries of vein MH connects ztnfh the deep saphenous vein {B') 
in the midthigh Because this perforator vein (MH, H, Fig 2) connects 






(.onuection ^\lth the main saphenous stem 15' I'ertoraior vein j\. matvto 
between the main saphenous stem B" and the genicular plexus 

SM and GM are tributaries draining the sartorius and gracilis muscles 

With the femoral vein at about the middle of Hunter s canal it has been 
designated as the mid-Hunter canal perforator vein In a total of 56' con- 
secutive anatomic examinations, tins vein was found in each 

Another constant tributary of the mid-Hunter canal vein (MH) is one 
that drains the sartorius muscle This tributary (SS) has been gi\en the 
name of subsartorial vein After coursing distally for a few centimeters, it 
most often terminates within the sartorius muscle (Fig 2) but in a con- 
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tributaries to adjacent muscles, connects the upper part of the deep saphenous 
vein B' with the femoral vein at a point from six to eight centimeters below 
the sapheno-femoral junction This vein may possibly be a constant tributarj' 
of the femoral vein, but because connections between it and the saphenous vein 
B' are rare, no detailed studies have as yet been attempted In future dis- 
sections, however, this vein will be investigated more thoroughly 

GENICULAR VEIN PLEXUS 

The aiea superficial and deep to the deep fascia of the upper and medial 
aspects of the leg is drained by a tributary PP' of the saphenous vein 
This tributary extends proxnnally beneath the insertion of the sartorius 
muscle, passes between the sartorius and gracilis muscles, and lies beneath 
the deep fascial layer at the lower level of the knee It anastomoses with 
the mfeiior (P") and superior (P') medial genicular veins below the 
hiatus of the adductor magnus muscle Also, it often possesses a connection 
with a tiiubtary (T, Fig 4) of the short saphenous vein This saphenous 
tributary (PP') then courses upward to become the highest genicular vein 
(P) which pierces the aponeurotic covering of the adductor canal and 
connects with the femoral vein immediately above the hiatus of the adductor 
magnus muscle The saphenous nerve accompanies this saphenous tribu- 
tary of the highest genicular vein The importance of the saphenous tribu- 
tary PP' lies 111 the fact that veins often connect it with the deeper saphenous 
vein B" by tributaries (K) Moreover, as previously mentioned, this vein 
PP' occasionally connects with the subsartorial vein at R (Fig i) Of utmost 
importance is the fact that from the tributary veins MH, H, SS, J and K often 
arise one or more tributaries which extend independently into the superficial 
tissues, having no connection with the main saphenous I'ein These veins 
(Q, Fig 4) have been designated as accessor)- perforator veins 

Figures i, 2, 3 and 4 are composite illustrations abstracted from studies 
on the cadaver and are designed to indicate the most important variations in 
the placement of the veins of the medial portion of the thigh 

It is to be noted that the constant veins B', B", H, MH, SS, PP', P 
and P' are present in all four types Also the inconstant veins, J, K, E and Q 
may be present in any of these types Again, although in all types the 
vein B usually pierces the superficial layer of the deep fascia at about the 
junction of the upper with the middle third of the thigh, there may be some 
variation in this arrangement and to emphasize such variation, vein B is 
depicted in Figure 2 as piercing the fascia high in the thigh, while other 
possible sites are indicated in Figures i, 3, and 4 The distribution of veins 
by type in the cadaver and in surgical dissections is shown in Table II Table 
III shows measurements taken from dissections on the cadaver 

Figures i to 4 show mam groups of perforator veins on the medial aspect 
of the thigh namely those of (a) the sapheno-femoral junction, (b) the 
mid-Hunter canal vein , and (c) the genicular plexus In the literature upon 
this subject, it has been stated that there are from one to seven perforator 
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Table II 

CLASSIFICATION ACCORDING TO TTPES OF VEINS IN THIGH 

Dissectionst 




Anatomic 

Surgical 

No Per Cent 

No Per Cent 


Typel 

9 

8 91 

43 

7 5 

Type II 

62 

61 38 

365 

64 0 

Type III 

3 

2 97 

14 

2 5 

Type IV 

27 

26 74 

149 

26 0 

Total typed 

101 


571t 



* A total of 137 anatomic and 703 surgical dissections (465 patients) formed the series of which 101 and 
571, respectively, were typed 

t The cases before 1942 were not classified, as a sufficiently definite pattern had not been established 


Table III 

MEASLREMENTSt NOTED IN ANATOMIC DISSECTIONS 



Greatest 

Shortest 

Average 

No of 


Length 

Length 

Length 

Dissec- 


Cm 

Cm 

Cm 

tions 

Sapheno-femoral junction 

37 00 

32 00 

35 25 

137 

Point C (Fig I) 

33 00 

13 50 

20 37 

101 

Junction mid-Hunter perforator with saphenous 

20 30 

11 10 

IS 60 

67 

Junction, mid-Hunter perforator with femoral 

23 00 

15 00 

18 SO 

56 

Junction highest genicular v ith femoral 

13 00 

9 00 

10 60 

34 


t All measurements were taken from the upper edge of the patella, 

veins connecting with the long saphenous vein In loi anatomic dissections 
the largest number found was six, the smallest, one, the average number 
being I 94 All these perforator veins were found to arise from the mid- 
Hunter canal vein, the genicular plexus or the subsartorial vein which con- 
nects them 

Further anatomic studies on the veins of the thigh demonstrated that 
nianjr other perforator veins exist, but with the exception of three main 
sites, discussed under operative treatment, they pierce muscles, and the pro- 
tection afforded by these muscles seems to preclude the possibility that these 
veins will become incompetent 

Six principal findings resulted from the anatomic dissections described 
above ( i ) The recognition of a pattern in the placement of the long saphenous 
vein and its tributaries, vith the occurrence of four anatomic types (2) The 
fact that the main stem (B) of the long saphenous vein lies deep to the deep 
fascia somewhere along its course (B', B ") rather than lemaining superficial 
to the deep fascia (3) A constant tnbutaiy (MH) of the femoral vein, 
named the “mid-Hunter canal perforator vein” by reason of its position, 
connects by one or more tributaries v itli the long saphenous vein as it courses 
beneath the deep fascia (4) The genicular vein plexus is constant (5) The 
subsartorial \em occasionally connects the mid-Hunter canal vein )\ith the 
genicular system (6) The so-called perfoiator \eins on the medial aspect 
of the thigh arise mainl} from the sapheno-femoral junction, the mid-Hunter 
canal vein, the genicular plexus, and the subsartorial vein 
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SURGICAL APPLICATION 

The treatment of incompetent or potentially incompetent perforator veins 
m the thigh depends upon a full realization of the importance of the pattern 
desciibed under anatomic findings and especially of the roles played by the 
deep saphenous tnbutaiy B', the mid-Hunter canal perforator system and 
the genicular plexus Eradication of the deep long saphenous stems B' 
and B" disconnects the diiect communication of the saphenous vein with 
the femoral or popliteal veins, hut does not eliminate the indirect accessory 
perforator (Q) veins To efface all incompetent or potentially incompetent 
perforator veins of the medial thigh requires, in addition, transection of 
the mid-Huntei canal \em (MH) near the femoral vein, transection of the 
vein PP' deep to the point R and excision of certain parts of the subsartorial 
vein This should prevent the reflux flow of blood from the deep veins of 
the thigh by severing those incompetent veins which communicate between 
the deep and superficial systems 

The surgical procedure based upon the infoimation gained from the 
anatomic studies described is one which, in oui hands, has materially 
improved the lesults of the therapy of varicose .veins Furthermore, it 
involves a minimal amount of trauma and has the advantage of keeping 
patients in bed for very short periods of time It consists of a combination 
of injection of veins, high ligation of the saphenous vein, elimination of the 
main saphenous stem (B', B"), eradication of the mid-Hunter canal vein 
and, in certain cases, excision of the high-Hunter canal vein (Fig 5) and 
elimination of as much of the genicular venous plexus as may seem to be 
required The basically new approach is the employment of sclerosing solu- 
tion as an agent for suppression of hemorrhage so that the suigical procedure 
can be performed without danger of postoperative bleeding Patients can 
be out of bed and active within 24 hours after operation The early activity 
combined with firm thrombosis of the cut veins also reduces the danger 
of pulmonary infarcts by emboli ^ 

OPERATIVE PROCEDURE 

Vances below the knee are thoroughly sclerosed by local injection 
previous to operation Under local or spinal analgesia, sodium pentothal 
or other general anesthesia, the sapheno-femoral junction is exposed through 
a longitudinal incision After identification of the saphenous vein, a clamp 
is applied to stem B of this vein and a retrograde injection of about four 
cubic centimeters of a sclerosing solution is used An interval of from 
10 to 15 minutes is then allowed to elapse during which time the upper ends 
of the long saphenous vein or veins are dissected and their upper tributaries 
exposed, ligated and divided The procedure of the high ligation^’® is now 
so fully standardized that further comment on this aspect of the operation 
is unnecessarj’- In the majority of patients with double long saphenous 
veins, most of the tributaries at the upper end of the saphenous system arise 
from vein A A ligation performed as indicated by M (Fig 5) would 
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After transecting the nearly constant superficial medial femoral vein which 
lies in the superficial fascia on the inner aspect of the upper eighth of the 
thigh, a Mayo stripper may be placed outside the mam saphenous vein 
and the vein stripped distally until rather marked resistance is encountered, 
which is usually at or about point C When this is located, a longitudinal 
incision about eight centimeters in length is made over, and parallel with, 
the saphenous vein just distal to the point of resistance Vein B' is identified 
and tributary A' is separated from the mam saphenous vein B, B' Once 
the vein B' is identified it is simple to ascertain that it pierces the fascia and, 
by making traction on the excised vein B, the vein B' can be felt beneath the 
superficial layer of the deep fascia This deep fascia is longitudinally incised, 
the vein B' is separated from the tissues superficial to it, great care being 
taken not to disturb the tissues beneath the vein A large self-retaining 
thyroid retractor is placed m the wound Vein B is grasped with a clamp 
and by distal retraction of vein B' its undersurface is carefully dissected 
free Constant search is maintained for the high-Hunter canal perforator 
vein and the mid-Hunter canal vein Whenever the inconstant high-Hunter 
canal vein is found, it is dissected to its junction with the femoral vein, 
where it is ligated and excised The mid-Hunter canal vein, which is usually 
present, varies greatly in size and length and much diligence may be required 
to locate It When discovered it can be grasped with a hemostat and separated 
from the saphenous vein The mid-Hunter canal vein is dissected to its 
approximate junction with the femoral vein where it is ligated and transected 
The femoral vein is not usually identified as such, the approximate junction 
of the mid-Hunter canal vein with the femoral vein being ascertained by feeling 
the pulse of the femoral artery The subsartorial vein and the deeper portion 
of the mid-Hunter canal vein are usually exposed simultaneously The 
subsartorial vein should be followed distally as far as is practical, usually 
from five to seven centimeters, transected and ligated 

Although the sclerosing solution usually controls any bleeding from the 
subsartorial vein, its efficacy in such control of the proximal end of the cut 
mid-Hunter canal vein cannot be relied upon, hence the necessity of ligation 

Upon completion of the eradication of the mid-Hunter canal perfo- 
rator system, the vein B' is again picked up with a hemostat, and if any 
portion of this incision remains unexplored, dissection of the vein B', 
B" IS carried further caudal, a search being made for any perforating vein 
that might possibly be present 

If the multiple tourniquet test previously performed indicated no in- 
competent perforator veins m the lower fourth of the thigh, a Mayo 
stripper can be applied to the vein B', B", and it can be excised by strip- 
ping If, however, previous tests have disclosed the presence of incom- 
petent perforator veins in the vicinity of the adductor tubercle, they must 
be searched for and eradicated A longitudinal incision about eight centi- 
meters in length is made over the deep saphenous vein B" m the vicinity 
of the adductor tubercle, and this vein is exposed by incising the super- 
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ficial layer of the deep fascia over it A search for a perforator vein is 
instituted in a manner similar to that described m locating the mid-Hunter 
canal in the midthigh Once identified, the perforator vein should be fol- 
lowed deeply until point R is exposed. The highest genicular vein, the 
superior and inferior medial genicular veins of the genicular plexus, and, 
if present, any tributary making connections with the short saphenous 
vein, are then followed deeply and ligated near their junctions with the 
femoral, popliteal, or short saphenous veins 

The next step consists of elimination of varices and incompetent perfo- 
rator veins in the leg If the preliminary examination of the patient dis- 
closed no incompetencies of the perforator veins below the knee, varices 
are removed wherever present If, however, the multiple tourniquet test 
demonstrated deficiencis of the perforator veins in this area, the treatment 
IS more complicated Linton^ and Warwick^ pointed out that the perforat- 
ing veins of the medial aspect of the leg usually make direct and nearly 
horizontal communications between the deep veins and the saphenous sys- 
tem For this reason the multiple tourniquet test is valuable m locating 
the sites of incompetent perforator veins of the leg Although we have 
made no exhaustive studies on the leg of the cadaver, surgical dissections 
have indicated three important locations for deficient perforator veins on 
the medial aspect of the leg In order of their frequency they are i From 
i8 to 22 cm above the sole of the foot 2 At about the junction of the 
upper and lower half of the leg (Medial margin of the tibia ) 3 At about 
the middle of the proximal third of the leg When indicated, these incom- 
petent perforator veins are followed to a point beneath the deep fascia 
wheie they are ligated and excised The rent in the fascial layer is obliter- 
ated by appropriate sutures Whenever the short saphenous vein is found 
to be incompetent it is ligated and transected at its junction with the 
popliteal vein All tributaries within approximately six centimeters of this 
junction are also ligated If incompetent perforator veins are found on 
the lateial aspect of the thigh, they are followed to a point three or four 
centimeters beneath the deep fascia, within the intramuscular septa, where 
they are ligated and excised 

Discussion — Patients who have had one lower limb treated by means 
of the combined high ligation operative procedure and retrograde injections 
of sclerosing solution, and the companion extremity treated m the manner 
described m this paper, obsen^e that the postoperative discomfort is much 
less noticeable m the latter procedure This lessening of pain probably 
results, at least partly, from the fact that the veins, although exposed to 
the action of the sclerosing solution, are removed and, thus, the usual m- 
flammalor} reaction from the injection is avoided 

In the remoNal of veins so treated, some of the sclerosing solution ma} 
remain in the vound, though ever} effort is made to remove it In no 
case did it cause an\ evident damage Substantiating this Mew is the fact 
that sxlnacol, an excellent chemical for sclerosing \ems, has also been in- 
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jected into tissues for treating inguinal hernia without causing appreciable 
damage to tissue Indeed, sylnasol is not very diffeient chemically from 
any other sclerosing soap In patients who exhibited sensitivity to monolate 
01 similar compounds, the necessar)’’ use of quinine hydrochloride and 
urethane or sugar solutions caused no obvious difficulty 

Insufficient time has elapsed foi proper evaluation of the late effects of 
this procedure It would appear, however, that the method should reduce 
the incidence of recurrence In the entire group of 465 patients, no deaths, 
massive hematomata or pulmonary embolisms occurred There were ten 
mild infections, one rather severe infection and two traumatic cysts Of 
these infections only two involved the thigh The average time of hos- 
pitalization was 2 8 days All patients were walking within 28 hours after 
operation 

SUMMARY 

1 A general scheme of arrangement of the saphenous system in the 

thigh exists but variations are common 1 

2 The occurrence of a heretofore unrecognized location of the saphenous 
vein between the deep fascial layers, of a constant mid-Hunter canal per- 
forating vein at about the junction of the upper and middle thirds of the 
thigh, and of an inconstant perforator vein connecting with the medial 
genicular venous plexus and the subsartorial vein is described 

3 Although anatomic variations are common, a definite plan exists, 
the surgical significance of which is emphasized 

4 Suggestions are made for what appears to be a more effective opeiative 
therapy 

Acknowledgment is made to Dr John B deC M Saunders, Professor of Anatomy 
at the University of California, for his assistance in confirming the anatomic findings 
presented in this article 
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Current experimental and clinical publications reveal increasing interest 
in preserved blood plasma in various forms The present communication 
IS concerned with the desciiption of a closed method for collecting, centri- 
fuging and pooling blood plasma Of 23 different types of containers which 
we devised and tried, the one described here was found most satisfactory 
Descuphon of Containei — We have designed a pyrex glass container 
which has a capacity of 300 cubic centimeters (Fig lA) The bottom, which 
is rounded off, leads into a narrowly constricted portion having an inside 
diameter of three millimeters Below^ this constriction is a small bulb with 
a capacity of approximately two cubic centimeters Below^ this is a similar 
second bulb wnth a small hole through wdiich a needle can be inserted for 
drawing off the cells from the bottom of the container At the upper end 
is a constiicted portion, or neck, one centimetei in diameter 

Piocedwe — Befoie use, the container and all other material aie cleansed 
w^ell by means of soap and w^ater, cleaning solution and distilled water A 
piece of rubber tubing, (size %(j x inch) one inch (25 cm ) long is then 
drawn over the lower bulb to seal the small hole where the cells are to be 
drawm off A vaccine cap is placed over the neck of the container An 
air vent (Fig 2A) is then inserted through the vaccine cap to allow the 
an wnthin the container to escape while it is being filled with blood The 
air vents are made by cutting a glass needle adaptor m half, filling it 
with cotton and attaching a No 15 needle (Fig 2A) A piece of rubber 
intravenous tubing (Fig 2B) approximately 15 inches (375 cm) long is 
then drawn over a No 15 needle at one end The other end is fitted 
over a glass needle adaptor which holds a No 15 intravenous needle 
The end without an adaptor is inserted thiough the vaccine cap, beside the 
air vent The entire set-up is then wrapped and sterilized all assembled 
To collect the blood the patient is placed on the table and the arm prepared 
and draped 111 the usual manner Forty-five cubic centimeters of 2 5 per cent 
sterile sodium citrate is then drawn into a syringe and instilled into the 
container, being allow^ed to run through the tubing (Fig 2B) through 
winch the blood is to flow into the container A tourniquet is then applied 
to the donoi’s arm and the needle at the end of the collecting tubing inserted 
into the vein (Fig 2) The container is held a few' inches below the level 
of the donor’s arm to facilitate the flow' of blood It is gently agitated to 
allow' for mixing w'lth the citiate The container is filled to the top with 
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blood (big iB) If two containeis are to be filled the tubing leading 
fioin the donor’s aim is pinched oft, the needle withdrawn from the vaccine cap, 
and inserted through the cap of the second contamei which may be filled in the 
same manner The needle and an vent are then withdiawn from the vaccine 
cap of the container and a rubbei cap drawn over the vaccine cap and neck 
of the container after it has been cleansed with iodine and alcohol (Fig 3A) 



Fig I — \ Empt} container showing: needle hole in lower bulb for drawing off the cells 
B Container assembled and filled with blood read> to be placed in trunion cup 
C Special trunion cup made to receive the container 

D Container after first centrifugation Cells separated from plasma C clamp removed from 
lower bulb 

The filled contamei s are now ready for centrifuging They are placed 
in especially designed trunion cups (Fig iC and 4A) and rotated at 1200 
revolutions for 20 minutes The container is supported by a block of hard 
wood which is shaped to fit its curved under surface, and prevents the bulbs 
fiom touching the bottom of the trunion cup (Fig iB) To prevent the 
foice of centrifuging from forcing any blood out around the rubber tubing 
over the needle hole 111 the smaller bulb at the bottom of the container, a C 
clamp (Fig iB) is placed over the small bulb and tubing and is tightened 
against this opening to seal it fiimly (Figs 3 A and B) The C clamp is 
removed after centrifuging is completed To draw off the packed cells 
the container is placed m a ring stand (Fig 4B) The rubber tubing over 
tlie smaller bulb is cleansed with iodine and alcohol, and a sterile needle 
introduced into this bulb through the rubber tubing and needle hole An 
air filter is placed through the vaccine cap at the top to allows for fall in 
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fluid level within the container The cells may be drawn into physiologic 
sodium chloride solution and used for transfusing anemia patients 

After the packed cells are all withdiawn. some will be found to adhere 
to the side of the container Therefore, the needle is withdrawn, and the 
container lemoved from the ring stand The one-mch (25 cm ) piece of 



L 

Tig 2 — Blood from donor being collected into assembled con 
tamer A Air vent B Collecting tubing 

tubing over the lower bulb is slightly rotated to bring a new surface of 
rubber over the hole in the bulb wheie the needle was inserted for drawing 
off the cells The C clamp is again put in place as before, and the container 
agitated to fiee the cells adhenng to its walls and lesuspend them in the 
plasma It is again placed in the centrifuge and rotated foi ten minutes at 
1200 revolutions per minute This wull force the remaining cells into the tw'o 
low'er bulbs After this second centrifugation the containei is turned end for 
end, so the bulb portion is uppeimost, and supported in the ring stand 
5) The packed cells in the bulbs wall not run down through the 
nairow'ly constricted portion, but wall remain trapped within the tw'o bulbs 
The plasma is wathdrawai by a needle and an vent being inseited thiough 
the vaccine cap, aftei the cap has been cleansed wath iodine and alcohol 
The ail vent is held above the plasma level as showai (Fig 5) 

W'hen the plasma of six to eight donois is pooled it is placed in the 
ice box for 12 hours or moie It is finally racked off into sterile physiologic 
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sodium chloride plus dextrose solution (Fig 6) During this process it is 
passed through a 200-mesh filter (Fig 6 A) to remove fibrin clots A 
Kaufman s>rmge serves as a very satisfactory valve for shutting off the 
flow of plasma when receptacles are to be changed during the procedure 
Discussion — Many methods have been devised for the separation and 
pooling of human plasma for therapeutic use Most previously described 
methods depend upon siphoning the plasma from a container with a large 



Fig 3 — A Diagram of the lower portion of container showing needle hole in lower bulb 
B Cross section diagram of lower bulb to sho« how screw of C clamp forces rubber 
tubing into needle hole to seal it firmly 

plasma-cell interface Scudder was the first to improve the yield by designing 
a container with a relatively small area at the junction of the plasma and 
the cells Crowley, in 1940, described a container with an even greater reduc- 
tion in plasma-cell inteiface However, this method necessitates the deter- 
mination of cell volumes on each donoi to give a good plasma yield Further- 
more, it presents the difficulty of adequate citration of the blood, and is 
expensive because each ampoule can be used only once The separation 
container which we have designed has been based upon the principle of small 
plasma-cell interface, but obviates the objections described above 

Some investigators with whom I have discussed this type of container 
believe that forcing the cells through a narrow constriction by means of 
centrifugation would tend to rupture many of the cells, and allow their 
content to flow into the plasma Experience with this, and similar types 
of containers, have proven this false We believe that a clearer plasma 
IS obtained by centrifuging and pooling the plasma the same day than by 
the commonly employed method of placing the citrated whole blood in the 
ice box for a period of time and allowing the cells to settle from the plasma 
by gravity 
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SUMMABY 

An improved method ior collecting, centrifuging and pooling human 
blood plasma has been described The yield by this method has been con- 
sistently lo to 15 per cent greater than by any method with which we are 
familiar No difficulties are encountered in obtaining satisfactory mixing 
of the citrate with the blood, cell volumes of donors need not be determined. 



I 


Fig 4 — A Trunion cup with container after removal from 
centrifuge 

B Container held in ring stand Needle inserted through 
rubber tubing oier lower bulb for drawing off packed cells Air 
\ents in place Plasma is not clear above cell layer because 
some of cells adhere to sides of container 


and the same container can be used repeatedly This method requires no 
containers vith a vacuum, as is frequently advocated by other investigators 
The method is a completely closed one, and the plasma can be separated 
and pooled on the same day the blood is collected, with minimal disintegration 
of red blood cells during the procedure The blood cells can easily be pre- 
served for transfusing anemia patients The same principle could be used 
m designing containers to hold a larger volume of blood 
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IiG 5 Fig 6 

Fig s — P lasnn being clnwti oflF into pooling bottle Air ^ents in phee Blood 
cells trapped in oulbs at mipei end of container 

Fig 6 — Plasma being drawn fiom pooling bottle into smaller flasks A Filtei 
B Kaufman syringe 
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Among recent iNVEsriGAiioNS on ciiculatoiy failuie in tourniquet shock, 
at least two have dealt vith microscopic observations of the mesenteric blood 
vessels remote from the site of the damage inflicted These obseivations 
Mere confined to changes m caliber of the vessels and rate of the blood flow 
The capillaries were referied to, but m neither papei was consideiation taken 
of the possibility that the capillaiy bed possesses several vascular com- 
ponents, each playing a specific role m the functional activity of the capillaiy 
bed as a whole 

This aspect of the capillaiy bed and the significance of its specific leactions 
have been lecently worked out in detail for the normal mesenteiic circulation 
of the dog and rat ^ Moreover, the obseived reactions have pi oven to be 
sufficiently critical for use in following the piogressive changes caused by 
hemorrhage and in enabling one to distinguish the effects of acute^ from those 
of graded hemorrhage ^ 

The application of a touimquet to an extremity and its subsequent release 
IS a method of inducing, with a minimum of direct trauma, a considei able 
1 eduction in blood volume thiough the loss of fluid into the damaged limb 
(Wilson and Roome”) Some investigators have attributed the resulting 
shock syndrome and eventual death of the animal mainly to the fluid loss ’’’’ ” 
Others have indicated that the syndrome includes eithei the presence of a 
toxic favor^”’ or the absence of some ingredient of the blood lost to 
the damaged tissue 

The sensitive responses of the capillary bed off ei a method of distinguishing 
between the mechanical effects of fluid loss and the toxic effects of abnormal 
conditions m the blood stream Furthermore, the responses of the peripheial 
circulation, since they deal vith the components of the vascular system with 

* The work described m this paper was done under a contract recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and New York Unuersity It was also supported in part by the Lilly Research 
Laboratories, Woods Hole, Massachusetts It constitutes the sixth of a series of studies 
on experimentally induced shock The first stud3' is listed as No 3, the third as No 14, 
the fourth as No 4 and the fifth as No 5 in the bibliograph}' of the present paper The 
second studj", on the Noble-Collip rotat ng d'um iiauna, appeared in Am J 
PhYsiol, 139, 123, 1943 
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which the cii dilatory failure is primarily concerned, make it possible to 
determine the relative importance of these two factors in the syndrome 
This paper deals with a microscopic study of the circulatory changes in 
the meso-appendix of the rat under nembutal anesthesia, after the release 
of a tight torn niquet placed around the thigh for a pi otracted period of time 

METHOD 

The rats vaiied in weight from about 150 to 200 Gm In most of the 
experiments the tourniquet was applied to one hind limb only, a lubbei band 
being wrapped as high as possible around the thigh to occlude all flow without 
thiombosing the blood vessels This was done on the unanestheti^ed lat 
held in a specially consti ucted cage, foi w'hich we ai e indebted to Di F M 
Allen About half an houi before lelease of the tourniquet, the lats w^eie 
given an intramusculai injection of sodium pentobai bital (2-3 mg /lOO Gm 
body-weight), known commeicially as nembutal The meso-appendix was 
then exposed foi microscopic obseivation The peculiar advantage of the 
meso-appendix for a study of the capillary bed has been piesented in oui 
lecent paper,® together wnth means foi minimizing the eftects of the opeiation 
involved in the exposure The essential precautions are minimum handling 
of the intestine and constant 11 1 igation of the exposed tissue with warm gelatin- 
Ringer’s solution When propeily prepared the tissue is seivicable foi 
continuous observation over a peiiod of several hours 

Simultaneously with the observations on the meso-appendix, blood pres- 
sure deteiminations w'eie peiiodically made by using a pneumatic rubbei 
cuft aiound the thigh of the limb not subjected to the tom niquet Hemato- 
ciit leadings by the Van Allen method were also taken 

Prior to release of the toui niquet, the meso-appendix was always examined 
to establish the normality of its ciiculation The chief criteria of noimahty 
were (a) a relatively spoiadic flow in the capillaries and a restriction of 
most of the blood to the cential channels leading from the aiterioles to the 
venules, and (b) a geneial, nondilated state of the muscular vessels of the 
bed A good test foi the normal state was the application of a few^ diops 
of histamine in gelatin-Ringer’s solution (i 10,000 to i 100,000) to the surface 
of the meso-appendix This should produce a temporary dilatation of the 
vessels and an appreciable inciease in the extent of the capillaiy flow If 
the trauma incidental to handling the intestine has been excessive, the vessels 
already wnll have been dilated to the extent that the effect of the histamine 
ar this concentiation will be negligible 

The criteria® for noting the progiessive changes in the ciiculation follow'- 
ing release of the tourniquet w^eie (a) Changes in the distribution and late 
of flow in the capillary bed, (b) changes in caliber of selected aiteiioles 
( 15—20 inicra in diameter) , (c) augmentation or diminution of the vasomotion 

This had the following constitution in grams-per cent in water Granular ash-free 
gelatin, i, NaCl, 08, KCl, 002, CaCb, 002 and NaHCO-i sufficient to bring the 
solution to pa. 7 2-7 4 
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of the metarterioles and (d) change in the reactivity of the metarterioles 
to the local application of epinephrine This last criterion was tested by 
determining the minimal concentration of epinephrine required to produce 
a partial narrowing of the muscular components of the capillary bed In 
normal rats, anesthetized with a minimum effective dose of sodium pento- 
barbital, this was I part epinephrine m i million or in 2 million parts 
gelatm-Ringer’s solution 


EXPERIMENTAL RESULTS 


The tourniquet was applied to one hind limb for periods of 3, 5, 7 or 8 
hours In tvo cases the touiniquet was applied to two hind limbs for 5 
houis Only those lats vere consideied in which release of the tourniquet 
\\as followed b} a return of the cnculation m the occluded limb The ac- 
companying table gives the numbei of lats studied, the survival time and 
the percentage of fatalities in each gioup of the several peiiods with one- 
limb touiniquet (Table I) 


No of 
Ralb 
9 

38 

6 

3 


Table I 
Time in Hours 
of Tourniquet 
A.pplication 
3-4 
S-6 

7 

8 


Survual Time in Hours 
of Fatal Cases after 
Tourniquet Release 
4-5 
3 5-4 
2 5-3 
2-2 5 


No of 
Fatal Cases 
3 
29 
5 
3 


After lemoval of the tourniquet, changes appealed m the circulation of 
the meso-appendix, which could be classified into three successive, well- 
defined stages An initial hyperemic, an hyperreactive, and an hyporeactive 
stage The duration and inteiisity of the changes and the lelative lengths of 
the stages vere found to vary with the duiation of the period of tourniquet 
application The following is a summaiized desciiption of the effects 
obseived 


Tommqnet Applied joi Thee to Foin Homs 
(9 rats, of which 3 succumbed) 

I Initial Hypeiemic Stage (duration, 20-30 minutes after tourniquet 
release) — ^\Vithin a few minutes after lelease of the tourniquet, the blood 
pressure fell precipitously from 120 Mm to about 80 Mm Hgs and then 
slowly lose after 4 to 5 minutes until, wnthin 30 minutes, it had leached 
about 100 Mm During the abrupt fall, the heart rate was considerably 
slow ed 

In the meso-appendix the release w^as follow’ed wnthm one to two minutes 
b) a marked dilatation of all the muscular vessels, especially noticeable in 
the larger aiteiies and veins (i 00-150 micra), wdnch dilated to about one- 

* The metarterioles are the terminal, discontmuously muscular vessels leading from 
the arterioles and constitute the proximal segment of the central channels m the capillary 
bed The metarterioles and their precapillary offshoots normally exhibit a vasomotion 
consisting of alternating constrictor and dilator phases at irregular intervals of 30 seconds 
to 3 minutes (Refer for further details to reference 3) 
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half more than their original diameters The vasodilatation was accompanied 
b} a change of the normally restricted capillary circulation to an over-all 
hyperemic state, with a significant slowing of the flow, especially on the 
venous side of the capillary bed 

This stage lasted about 20 to 30 minutes, and the hyperemia passed off as 
the blood pressure began to rise wnth appreciable acceleiation of the blood 
flow m the capillary bed 

Leukocytes were seen sticking m increasing numbers to the inner w'alls 
of the capillaries and venules Further evidence that the endothelial walls 
weie being affected at this stage was the formation of minute petechiae 
with extravasation of red cells m some areas of the capillary bed 

2 Hype} } eactive Stage — About 30 minutes after release of the tourniquet 
the blood pressuie again began to fall, but this time gradually and to a level 
as low as 60 Mm Hg This w^as accompanied by a progressive sw^ellmg of 
the damaged limb over a peiiod of about twm hours 

The arteries and veins undeiw'ent a continually increasing constriction 
until, at the time of the maximal sw'elling of the damaged limb, they had been 
reduced to about one-thiid their original diameteis The two outstanding 
reactions m the capillary bed w'eie an augmentation of tbe vasomotion and 
an hypei reactivity of the vessels to the topical application of epinephrine The 
vasomotion of the metarterioles and precapillaries became inci easingly frequent 
and pionounced This restricted the flow to the central channels so that the 
tiue capillaries became relatively anemic The hyperreactive condition was 
indicated by the fact that epinephrine in concentiations as low as i 10 
million to I 20 million caused an immediate constriction of the metarterioles, 
wdiereas, a similar reaction prior to removal of the tourniquet could be obtained 
onty with a concentration of l 2 million This hyperreactivity peisisted foi 
almost three hours The blood piessuie had now fallen to 6o-65 Mm Hg 
and the flow'^ through the capillary bed was considerably slow'cd, especially 
on the venous side of the bed Hematocrit values of blood samples obtained 
fiom the jugular vein of the fatal cases reached 55 to 60 per cent 

Except foi the heniocoiicentration, the reactions of the capillary bed 
thioughout this period, vie, constriction of the larger vessels, augmented 
vasomotion of the metarterioles and hyperreactivity to epinephrine, were 
similar to those occuirmg in acute hemorrhage 

In the SIX rats which eventually recovered, the normal unidirectional flow' 
through the bed, although considerabl) slow'ed, was nevei lost The circula- 
tion through the bed began to improve and the blood pressuie returned to 
normal wnthin foui to five hours after release of the tourniquet 

In the three lats which did not recover, the flow' in the capillary bed 
became increasingly sluggish w'hile much of the blood by-passed the bed 
through arteriovenous anastomoses The blood pressure continued to fall 
and at about 50-60 Mm Hg , there developed an increasingly persistent 
backflow' from the venules into the capillary bed The consequent pooling 
and stagnation of blood 111 the capillaiies resulted in an abrupt collapse of 
the penpheral circulation and, w'lthm five to ten minutes, w'as follow'ed bv 
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Chart I 


CHANGES IN CAPILLARY BED 
AFTER RELEASE OF 5 HOUR TOURNIQUET 


CALIBER OF ARTERIOLES 


CONSTRICTEDH 

normal 

dilated-! 

CONSTRICTED-) 

NORMAL 

DILATEDM 

AUGMENTED- 

NORMAL- 

DIMINISHED- 


ax- 

4X- 
IX- 
0 5X- 

0 2X-I 



j ; 

CALIBER OF MUSCULAR VENULES 



VASOMOTION OF ME TA R T E R I OL E S 


REACTIVITY TO EPINEPHRINE 


SPEEOED- 

NORM A L-- 
SLOWED- 
SLUGGISH- 


RATE OF FLOW 


ISCHEMIC 

NORMAL 

HYPEREMIC 

NONE- 

MODERATE- 

MARKEO- 

STAGES 


EXTENT OF FLOW 


j I 

I 


POOLING AND TRAPPING 


INITIAL 

DILATOR 


H Y PER- RE AC T I V E 


HY PO- 
REACTIVE 
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death of the animal During this entiie peiiod the epinephrine reactivity 
lemamed hypernoimal, both in the rats which eventually recovered and in 
those which succumbed, the leactivity m the latter peisistmg until a few 
minutes befoie death 

No definite hypoieactive stage appeared m this group 

Toxumqiiet Apphed fo) Five to S^^ Homs 
(38 rats, of which 29 succumbed) 

A tabulation of the reactions taken fiom the protocol of a rat typifying 
the ef¥ect of a five-houi tourniquet is given m Chart i The following is 
a geneial summary of the leactions of the lats of this group 

1 Initial Hypcienuc Stage (duiation 30-40 minutes after tourniquet 
lelease) — This period of hyperemia and vascular dilatation was similar to 
that described in the preceding expeiiment except that it was moie intense 
and of longei duration Pionounced leukoc3'tic sticking lasted for 20 to 30 
minutes and was accompanied by the appearance m the circulation of small 
clumps of led and white cells These emboli fiequently plugged vessels in 
the capillary bed but soon weie dislodged as the general hyperemia persisted 
The swelling of the damaged limb began before the initial hyperemic stage 
had disappeared 

2 Hypei ) eactive Stage — The development of an hypei reactivity occurred 
before the initial hyperemic stage had passed ofif This could be detected by 
the augmentation of the metaiteiiolai vasomotion and the appearance of an 
inci eased leactivity to epinephrine, while the largei vessels were still dilated 
and the capillary flow^ was hyperemic 

A well-defined hypei reactive stage, with a geneiahzed ischemia and a 
slowed capillaiy flow^, became evident wuthm an hour and a half after lelease 
of the tourniquet and lasted foi about 45 to 60 minutes The flow m the 
capillary bed became considerably slowed befoie the blood pressure had 
fallen to 55 to 60 Mm Hg Hematociit values attained 60 pei cent 

3 Hypoieactive Stage — A change to the hyporeactive condition began 
to develop wdiile the capillary flow w'as still unidiiectional, although becoming 
incieasmgly sluggish The epinephiine leactivity fell below noimal and 
vasomotion of the metaiterioles disappeared while the arterioles were still 
partially constricted The capillaiies, wdiich prior to this w'ere anemic, now 
began to contain blood throughout the bed 

In the 29 rats wdiich eventually died this w'as followed several minutes 
later by a dilatation of the muscular metarterioles and precapillanes of the 
bed A backflow^ from the venules developed, still further filling the capillaries 
w'lth static blood By this time the blood pressure had fallen below^ 40 Mm 
and death generally occurred about 4 5 to 5 hours aftei release of the 
toui niquet 

Throughout the hyporeactive period, the larger arteiies and veins re- 
mained constricted as in the hypen eactive stage Dilatation of these larger 
vessels w^as a terminal phenomenon and occurred only 15 to 20 minutes 
before death 
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Of the nine rats -vNliich survived, the circulation never went beyond the 
initial phase of the hyporeactive stage The critical features for survival 
appeared to be the persistence of a unidii ectional flow and the resumption 
of vasomotion after a tiansient cessation of not more than 20 to 40 minutes 

Toinmqnet Applied joi Seven to Eight Hours 
(9 rats, all of which succumbed) 

The initial hyperemic dilator stage appeared immediately after release 
of the tourniquet and was followed within a few minutes by a slowing of 
the blood flow The svelhng of the damaged limb appeared early and was 
accompanied by a partial constriction of the larger arteries Hemocon- 
striction was moderate, the hematocrit values not exceeding 50 per cent 
The initial dilator stage, vith normal reactivity to epinephrine, lasted at 
least 45 to 50 minutes and 111 the eight-hour tourniquet experiments approached 
two hours The hyperieactive period was not prominent, and, especially m 
the eight-hour experiments, the initial dilator stage passed directly into the 
hyporeactive stage, the reactions of which were more profound than those m 
the five- to six-hour experiments The capillaries became markedly con- 
gested with widespread vasodilatation, and death occurred within two to 
three hours after release of the tourniquet 

The failure of the circulation to return to the damaged limb after release 
of the tourniquet occurred more frequently when the tourniquet was applied 
for more than six hours Rats m vhich this occurred showed none of the 
circulator}^ changes described above 

Touimqiief Applied joi Five Homs to Two Hind Legs 

Only two rats were treated in this manner The initial hyperemic dilator 
stage developed within one minute after release of the tourniquets and dis- 
appeared 10 to 15 minutes later Swelling of both legs became appreciable 
before the hyperemic stage had disappeared During this period there was 
3 marked vasoconstriction of the arteries and arterioles and a pronounced 
vasomotion of the metarterioles The epinephrine reactivity rose from i 2 
million to I 10 to 15 million and persisted until a few minutes before death, 
2 5 to 3 hours after release of the tourniquet Except for the initial dilator 
stage and the subsequent hemoconcentration, the reactions of the capillary 
bed closely resembled those of severe acute hemorrhage 

Discussion — The twm factors to wdiich the changes in the tourniquet 
shock syndrome have generally been ascribed are fluid loss and the elaboration 
of so-called toxic substances Our experiments have showm that the 
peripheral circulatory collapse can occur either with both factors contributing 
significantly or wuth one 01 the other predominating, the relative effectiveness 
ot the two factors varying wuth differences in the duration of the application 
of the tourniquet The shorter the duration, the more predominant w^ere the 
mechanical effects of fluid loss and the less w'ere the indications of a toxic 
factor On the other hand, the longer the duration of the tourniquet, within 
limits, the more predominant w^ere the toxic manifestations 

The fi\e- to six-hour period of applying the tourniquet to one hind limb 
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produced changes in the visceral vasculai bed which most nearly approached 
those observed m ineversible hemorihagic shock'' These were an hyper- 
reactivity followed by an h3?poi eactivit} of the capillary bed The initial 
h5^peremic stage appears to be peculiar to the tourniquet type of shock 
Of special inteiest in tourniquet shock is the difference between the 
circulatoiy reactions immediately following release of the tourniquet and those 
appealing in the latei stages of the shock syndiome Both aie dilator responses 
of the musculai vessels of the capillar}^ bed but, whereas, the first is accom- 
panied by a developing hyperreactivity, the lattei is associated with a definite 
hyporeactivity of the vessels Both reactions are undoubtedly i elated to 
changes which occur m the damaged limb The fiist appears aftei a period 
of tissue anoxia and some muscle damage caused by the pressure of the 
tourniquet cord, the second, after the fluid loss into the limb 

The initial dilatoi stage occurred in all the lats, irrespective of whethei 
they died or survived, while the lattei typically appeared onl}’- in rats which 
eventually succumbed 

Initial Hypo einic Stage and Hemoconcenti ation — Immediately followung 
removal of the tourniquet, the reactions of the vessels in the meso-appendix 
suggest the release of dilator substances into tbe blood fi om tbe damaged limb 
These, although temporarj m then effect, may predispose the blood vessels 
to the development of the hyporeactivity w'hich appears later The effect of 
the initial dilator phase and the hemoconcentration, with the resulting increased 
^ iscosity of the blood, in tourniquet shock, may explain the reduction in flow^ 
through the capillary bed at an earlier stage of hypotension than that which 
obtains aftei hemorrhage Thus, an animal in hemorrhagic hypotension 
with a blood pressuie of 6 o Mm still has an adequate though markedly 
slowed peripheral circulation On the other hand, at a similar blood pressure 
level in tourniquet shock the capillaiy circulation is usually on the verge 
of becoming disrupted 

Hypeii eactivc Stage — This stage in the tourniquet experiments, except 
for possible subsidiary effects of hemoconcenti ation and the initial and transi- 
tory dilator reaction, resembled that found early in rats subjected to hemor- 
rhage^’® In the three- to foui-hour toiiiniquet experiments this type of 
h} perreactivity predominates throughout Fatality is low and, in the rats 
which succumb, the collapse of the circulation can be ascribed piimarily to 
the mechanical effect of the fluid loss 

The mechanical effect was found to be still more predominant when 
tw’o limbs were ligated Considered superficially, it would seem that damage 
to a larger mass of muscle should piedispose the animal to a more toxic type 
of shock However, two limbs also offer a larger site for fluid loss The 
fluid lost IS excessive and the consequent hyperreactivity continues until 
the rats die from the mechanical effects of ciiculatory collapse before the 
development of hyporeactivity 

Hypoieactive Stage — Our obseivations on complete tourniquets and 
those of Page and AbelF on venous tourniquets agree regarding the develop- 
ment and persistence of vasoconstriction of the larger blood vessels throughout 
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most of the syndrome However, our observations lead us to infer that, 
accompanying the widespread peripheral ischemia, the capillary circulation 
develops an autonomy and reacts differently from the remainder of the 
circulatory system This is indicated by the fact that the muscular vessels 
of the capillaiy bed, as seen m the meso-appendix, relax while the largei 
vessels do not 

The independence of action of the capillary bed seems to be related 
to conditions developed m the ischemic tissues These conditions would 
appear to serve as a local mechanism for increasing blood flow to the tissues 
However, at this stage of the shock syndrome the circumstances of diminished 
blood volume and low blood pressure are such as to allow of no significant 
increase m flow As a result, therefore, the hyporeactive state of the capillary 
bed eliminates its compensatoiy action against fluid loss and thus negates 
the compensatory effect of the widespread vasoconstriction elsewhere The 
actual amount of blood which is present m the peripheial vessels may be less 
than m normal animals, as Fine and Seligman^’^ have shown, but the blood 
which reaches the bed becomes pooled there This aggravates the geneial 
ojigemia and contributes to the circulatory collapse The late dilatation of 
the arteries m the cat’s mesentery described by Page and AbelP occurs only 
m the terminal stages of the collapse and is not to be confused with the hypo- 
reactivity m the capillary bed which appears eailier 

One of the chief features m the development of the hyporeactive stage 
is a long-continued maintenance of a much slowed peripheral circulation 
This stage tends not to occur after a relatively short tourniquet application 
to one hind limb or after a longer application to two hind limbs The slowing 
of the peripheral flow resulting from application of the tourniquet to one 
hind limb for a relatively short period of time (thiee to four hours) usually 
IS insufficient to cause circulatory collapse The condition resembles that 
of moderate acute hemorrhage The few rats which succumbed were probably 
highly susceptible to fluid loss Susceptibility of this sort is discussed m a 
previous paper ^ When two hind limbs w ere occluded, even for relatively 
long periods, the condition resembles that of severe acute hemorrhage The 
fluid loss IS so great as to induce circulatory collapse wffide the capillary bed 
is still in the hyperreactive state A tourniquet application of five to seven 
hours to one hind limb is the optimum treatment for inducing a well-defined 
hyporeactive stage following the hyperreactive stage 

Since the reactions were observed in the meso-appendix remote from the 
site of the inflicted injury and since they occurred only if the circulation was 
reestablished and was maintained foi a protracted period of time, it is logical 
to infer that, at least one of the factors lesponsible for the observed effects 
is the transmission of a substance or of substances from the damaged limb 
Objective evidence for the presence of such substances in the blood of shocked 
animals has been presented in a pi eliminary paper The relation of these 
substances to those pioducmg the toxic effects obtained in dogs by Blalock,^- 
and Katzenstein, Mylon and Winternitz,^® is not clear Both of these investi- 
gations were conducted by noting the effect of the intravenous injection 

799 



CHAMBERS, ZWEIFACH AND LOWENSTEIN “f surcery 

^ovoml)cr 1941 

into normal dogs of thoracic lymph obtained from injured dogs Blalock 
performed ciush inj lines on one hind limb of dogs under either morphine 
or nembutal and collected the lymph for houis before and after the injury 
Some of the recipient dogs died, a few with a significant fall m blood pressure 
and a few with casts m the urine Katzenstein, Mylon and Wmternitz used 
complete tourniquets on two hind limbs of dogs anesthetized with nembutal 
The injection of lymph from these dogs (time of obtaining not lecorded) 
produced a blood pressure fall in nine out of i8 recipient dogs In our 
experiments a prime feature for ascei taming the existence of a so-called 
toxic factor was the change in reactivity of the capillaiy bed in which the 
vascular components become functionally depi essed 

Allen’^^ observed that, the longer the peiiod of tourniquet application, the 
more difficult it was to save the animal by fluid therapy He intimated that 
the development of a toxic factor would help to explain the fatal lesults of 
prolonged tourniquet application Howevei, he stressed the fluid loss factor 
because the fatal results obtained by ligating a larger muscle mass {eg, 
two hind limbs) frequently could be avoided, by fluid therapy alone Actually, 
the animals subjected to a one hind limb tourniquet should not necessarily be 
compared with those subjected to tourniquets on two or more hind limbs 
The fact that Allen found the latter to be amenable to fluid therapy supports 
the view that their death is due chiefly if not entirely to excessive fluid loss 
An alternative to the piesence of a toxic factor has been piesented by 
Selye and Dosne^'^ from their experiments on tourniquet shock m monkeys 
and cats They found that damaged tissues utilize certain substances {eg , 
sugar) more actively than the corresponding normal tissues They sug- 
gested that the symptoms following release of the tourniquet are “not because 
substances coming from the limb poison the rest of the body but because 
active metabolic processes dram the body of certain essential compounds, 
the lack of which causes shock ” 

Selye and Dosne also tested for the presence of toxic substances in the 
blood from the damaged extremity by injecting the blood into adrenalectomized 
rats By using death-rate as a criterion they found no difference between 
this and the blood of normal animals From this they concluded that no 
special toxicity could be demonstrated in the blood derived directly from a 
leg so severely damaged by anoxia that, had its circulation been reunited 
with the rest of the body, severe shock would have developed 

Adrenalectomized rats are known to be highly sensitive to a variety of 
toxins We have found (unpublished observations) that such rats are not 
suitable for testing substances which depress the peripheral circulation since 
the operation alone causes the capillary bed to become hyporeactive to epineph- 
rine and to exhibit no vasomotion This would render such rats inade- 
quate as tests for substances which induce hyporeactivity of the capillary 
bed, since the response to be looked for is ah eady present in the test animal 
Evidence for a toxic factor in traumatic shock has generally been obtained 
from animals anesthetized during the procedure of inducing the shock 
Katzenstein, Mylon and Wmternitz’" have indicated that the dosage of 
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nembutal must be carefully controlled to minimize the vasodepressor effect 
of the drug In the expeiiments described in this paper the rats were not 
anesthetized foi the tourniquet application but only for the exposure of the 
meso-appendix, a single minimal effective dose of nembutal being admin 
istered shortly befoie exposing the meso-appendix The subsequent comatose 
state of the animals during the shock syndiome obviated fuither medication 
Even with such piecautions it is to be expected that the anesthetic will exert 
some effect Fine and Sehgmaiff® stiess this feature and claim that morphine 
(3 I'ng /Kg ) does not have the deleterious effects of typical anesthetics In 
defense of our use of sodium pentobarbital it may be stated that m our 
experiments on graded hemorrhage m dogs^ the capillaiy circulation of the 
omentum exhibited the same succession of events (hyperreactivity followed 
by hyporeactivity) ii respective of whethei the dogs had been immobilized with 
morphine or ^\lth the barbiturate In a recent paper'^'^ we have presented the 
effects of different anesthetics on the capillary circulation m the omentum 
of hemorrhaged dogs With sodium pentobarbital the effects were more 
marked and appeared earlier m the hemorrhagic syndrome than when mor- 
phine Avas used However, the succession of events was identical and the 
hjporeactive stage of the capillary bed developed under both types of 
treatment 

SIIMMAKY 

During the shock syndiome after release of a tourniquet applied to one 
hind limb for five to six hours, the peripheral circulation m the rat’s meso- 
appendix undergoes the following changes, provided circulation returns to 
the limb These changes are classified into three successive stages 

I Imhal Dilatoi — The initial dilator stage appeals within a few^ minutes 
after release of the tourniquet and is more prominent the longer the tourniquet 
bas been applied It is characterized b}^ (i) abrupt fall of blood piessure 
followed by a rise ■which does not reach noimal levels, (2) •v\udespread vaso- 
dilatation and hyperemia with slo'W'^ed capillary flow, (3) leukocytic sticking 
and development of minute extravasations observed m the capillary bed , 
(4) normal reactivity of the capillary bed to the topical applications of epmeph- 
ime, and (5) 111 most cases, persistence of the vasomotion of the metarterioles 

II Hypeii eactwe — The hyperreactive stage appears when the damaged 
limb begins to s\vell The followung changes are commensurate with the 
extent of s\velhng (i) Continued fall in blood piessure, (2) increased hemo- 
concentration and fuither slowing of the capillary flow’^, (3) hyperreactivity 
to epinephrine, and (4) wudespiead vasoconstriction of the larger vessels 
and augmented vasomotion -with resti iction of the capillary flo\v to the central 
channels of the capillaiy bed 

III Hypo) cactwe — The hyporeactive stage appears proportionately earhei 
the longei the tourniquet has been in place It is characterized by (i) fall 
m blood pressure to below 60 Mm Hg , (2) hyporeactivity of the capillar}^ 
bed to epmephiine , (3) complete loss of vasomotion and (4) over-all sluggish 
capillary flow followed by stagnation, venular backflow^ and finally a collapse 
of the ciiculation 
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When the tourniquet has been applied for thiee to foui hours the capillarj^ 
bed maintains its hyperreactive state throughout The rate of capillary flow 
becomes greatly reduced but in the majoiity of cases, the normal directional 
flow IS maintained and the ciiculation progi essively imiiroves In the few 
cases which succumb, the h3'peri eactivity peisists to wnthin a few minutes 
before death 

When the tourniquet has been in jilace foi six houis, oi longer, there is 
a tendenc}’^ foi the hypeneactive stage to be shoiter, the longei the duration 
of the tourniquet application In some cases, the initially hyperemic capillaiy 
bed wnth its dilated vessels may pass directly into the hypoieactive phase 
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PROPOSED AI.TERATION IN THE KNEE JOINT OF 
PROSTHESIS FOR BELOW-KNEE AMPUTATION 

Maj Rockwood Keith, M C 

16 t:h station hospital 
New York, N Y 

The purpose of this paper is to point out certain facts that were ob- 
served while treating a patient with an infection of a below-knee stump The 
patient, an officer in the Air Corps, received a G S W of the right leg in 
\ugust, 1942, which necessitated a below-knee amputation, leaving a four- 
inch tibial stump He was fitted with a prosthesis and was able to walk 
without any appreciable limp He stated, howevei, that while flying a plane 
01 diiving a cai theie w^as an excessive amount of pressure and irritation 
to the anterior tip of the stump This resulted in so much pain at times that 
he would have to turn ovei the controls to his copilot or suffei considerable 
pain for the following 24 to 48 hours Several attempts at readjustment 
of the leg by the manufactureis did not alter the situation 

In order to visualize the true nature of the patient’s complaint loentgeno- 
gi ams were taken with the prosthesis in place ( i ) with weight-bearing , 
(2) nomveight-beaimg , knee extended, and (3) non weight-bearing and knee 
flexed Figure i is a tracing of the roentgenogram taken 111 position 3, 
c g , nonweight-beanng and knee flexed 

It is at once obvious that any attempt to extend the prosthetic leg would 
cause piactically all of the pressure to be exerted at point E (Fig i) The 
leason for this is likewise obvious when lines A-B and C-D are super- 
imposed on the drawing These lines represent the long axes of the pros- 
thetic leg and the stump, respectively The prosthetic leg is flexed 90°, 
wdiereas the tibial stump is only flexed 6o°-7o° This, in turn, is caused by 
the fact that the axis of the prosthetic joint is distal to the axis of the knee 
joint Consequently, during the process of flexion the prosthetic joint 
swings thiough an arc of 90°, while the stump is only allowed to swing 
through an arc of 6o°-7o° Thus, instead of the long axes of the stump and 
prosthesis remammg parallel they become angulated and an excessive pressure 
IS brought to bear at point E where the front end of the stump contacts the 
anterior surface of the prosthesis 

Having analyzed the cause of the unequal distribution of piessure on the 
end of the stump, it wmuld seem a very easy matter to coirect the fault by 
meiely changing the position of the axis of the prosthetic joint to coincide 
with that of the knee joint proper That the solution to this problem is not 
quite so easy -will be illustrated by studying Figures 2 and 3 Figure 2 is a 
tracing of a roentgenogram wnth the knee extended and the patient bearing 
weight on the leg Figure 3 is a similar tracing rvithout w^eight-bearing 
Note that m Figure 2 the axes of the prosthetic knee joint and that of the 
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knee joint proper aie approximately superimposed When weight is removed 
from the prosthesis the prosthetic joint (along with the entire prosthesis) 
slides distally i 5 inches (see Fig 3), throwing the two joint axes out of 
alignment It is 111 this latter position of malalignment that one finds the 
prosthesis when flexion is required Compare the relative positions of the 
prosthetic joints m Figures i and 3 

The fact that the prosthesis slides distally when there is no weight-bearing 
is not due m any way to an improper fit It must be remembeied that weight- 
bearing with this type of prosthesis is tiansmitted to the uppei thigh and 
tuberosity of the ischium When the weight is borne on the prosthesis 


A c 



theie is considerable give and compression of the soft tissue m the region 
of the weight-bearing surfaces The soft tissue compression in this patient 
amounted to i 5 inches Consequently, when weight is removed from the 
prosthesis, no matter how perfect the fit, it slides off the thigh distally 
One solution to the problem would be to alter the position of the pros- 
thetic joint to a higher level by shortening the upper brace i 5 inches and 
lengthening the low^er brace a similar amount Thus, during weight-bearing 
the axis of the prosthetic joint would he i 5 inches proximal to that of the 
knee joint proper, but when weight was removed the prosthesis would slide 
distal, and the tw^o joints’ axes w^ould for all practical purposes coincide 
Figure 4 IS a tracing of a model so designed It wall be noted that the 
long axes of both stump (C-D) and prosthesis (A-B) are parallel The 
tibial crest is parallel to the front of the prosthesis, thus, giving a broad 
piessure-beaiing surface instead of a pressure point, as in E (Fig i) This 
IS pot a satisfactorj’- solution however, because the lower brace is so long 
the stump and prosthetic socket nearly disengage during flexion 
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We now have the two factois of the pioblem which must be dealt with 
(i) Undei conditions of nonweight-bearing the joint axes of the artificial 
leg and the knee joint proper must approximate a common plane, this 
plane must be at iight-angles to the long axis of the femur (2) The leg 
portion of the prosthesis must not be allowed to slide off the stump during 
flexion 



Models were made and, after considerable experimenting, a joint was 
devised that would fulfill the above requirements For the purpose of this 
paper details of the actual joint mechanism are irrelevant Suffice it to say 
that it IS of a simple hinge variety whose axis is offset ^ inch anterior 
to the long axis of the brace (See Fig 5 ) 

Figure 5 is a tracing of the proposed model joint superimposed on the 
1 oentgenogram tracing of the patient's knee This is the position of the joint 
during weight-bearing Compare this with the position of the old prosthetic 
joint during weight-bearing For convenience. Figure 2 has been repro- 
duced beside Figure 5 Note m Figure 5 that the joint has been raised 
^ inch, but that the overall length of the brace is the same Also note the 
ys-mch anteiior offset of the prosthetic lomt axis 
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When there is no weight-bearing on the prosthesis it slides distally i 5 
inches, as explained previously, thus bringing the prosthetic joint down to he 
in the desired plane as illustrated in Figure 6 (Compare Figs 5 and 6 ) 
Figure 6 shows the position of the prosthetic joint without weight- 
bearing when flexion would be desired It is the same relative position 
as that of the joint in Figure 7 



Figure 7 shows the flexed position Note that the long axis of the pros- 
thesis A— B and that of the stump C— D are parallel This insures a parallel 
relationship between the anterior tibial crest and the front of the prosthesis 
Thus, when the leg is extended there will be an equal distribution of pressure 
along a broad area of the tibial crest See bracket E as compared vith the 
small pressure point E in Figure i Nor\ compare Figure 4 and Figure 7 
and note that in the lattei the piosthesis is held well up on the stump in 
spite of having to lengthen the lo\\er brace This is accomplished by the 
anterior offset of the joint axis 
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Summary — i A case has been jiiesentecl of a patient with a below-knee 
amputation yIio complained of painful i^essuie on the anteiioi tip of the 
stump wheie it contacted his piosthesis \\hile manipulating the piosthesis 
m a position of flexion 

2 An attempt has been made to illustiate and explain how, in this 
paiticulai case, the pain was caused 

3 A solution to the pioblem has been presented and illustiated 



This IS a single case, and fuithei study will be necessaiy to piove the 
value of the suggested change m the type of prosthetic joint The change, 
however, is based on fundamental principles of mechanics and, therefore, 
should hold true for all below-knee amputations In the neai futuie, theie 
will undoubtedly be man> below-knee amputations requiiing prostheses, 
and it IS also reasonable to presume there will be many complaints registered 
similar to those of the patient mentioned in this paper The proposed 
joint IS of a more simple construction, it should be less expensive to manu- 
facture and require less frequent repair subsequent to the original fitting 
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THE RACIAL DISTRIBUTION OF CANCER 

II — TUMORS OF THE KIDNEY, BLADDER AND MALE GENITAL ORGANS'^ 

Major Robert Schrek, M C , A U S 

Hines, III 

FROM THE TUMOR RESEARCH UMT, VETERANS ADMINISTRATION, HINES, ILL 

In a previous communication’' methods were presented for the analysis 
of the racial distribution of cancer The percentage colored (? e , the ratio 
of colored patients to all patients) was determined for each tumor studied, 
and was compared to the percentage colored for a control group This group 
consisted of all patients with cancer except those with certain types of 
tumors The work is continued in this study on the racial distribution 
of tumors of the kidney and bladder in both sexes and of the male genital 
organs 

Carcinoma of the Kidney — According to the data of Hines Hospital 
(Table I), the percentage coloied for carcinoma of the kidney (5 64 per 
cent of 195 patients) did not deviate appieciably from that of the control 
group (845 per cent of 8,572 men) An analysis of only those cases, which 
vere diagnosed histologically, as transitional carcinoma of the renal pelvis 
showed appi oximately the same percentage colored as the control Similarly, 
an analysis of the data of the U S Public Health Service^’ ® showed 

no significant differences in the racial distribution for tumors of the kidney 
and for the control group (6 49 and 5 61 per cent colored, respectively, 
for men and 4 7G and 683 for women [Table I]) In none of the localities 
surveyed was there any significant difference between the percentage colored 
for renal cancer and for the corresponding control The mortality statistics^ 
also showed approximately the same percentage colored for tumors of the 
kidney (4 57 for men and 4 40 per cent for women) and for the control 
groups (4 75 and 5 27) 

Accoidmg to the data from the three sources, the racial distribution of 
cancel of the kidney is the same as that for the control groups 

Tiimois of the Bladdei — Of 430 men with carcinoma of the bladder in 
Hines Hospital, only 4 88 per cent were colored This is significantly lower 
than the 8 45 per cent for the control Low percentages were also observed 
foi papilloma of the bladdei (2 36 per cent of 127 patients) 

In surveys of five geographic areas, the U S Public Health Service 
leported 654 male patients Mith tumor of the bladder Only i 98 per cent 
ot the patients were colored This is significantly lower than the 5 61 per 
cent colored for the contiol In each of the five localities, the percentage 

* Published with the permission of the Medical Director of the Veterans Adminis- 
tration, who assumes no responsibility for the opinions expressed or the conclusions 
drawTi bj the author 
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colored for tumors of the bladder was lower than the corresponding control 
According to the moitahty statistics, the percentage colored for tumors of 
the bladder m men (3 72 per cent) is also significantly lower than the control 
percentage (4 75 per cent) 

It seems then that in men tumors of the bladder occur in relatively few 
colored individuals In women no significant differences were observed in 

Tabic I 

THE RACIAL DISTRIBUTION OF TUMORS OF THE GENITO URINARY TRACT ACCORDING TO DAT \ FROM IIINFS HOSPITAL, 
THE SURVEY OF THE U S PUBLIC HEALTH SERVICE AND THE U S MORTALITY STATISTICS 

Percentage Colored Number of Individuals All Cases 


Male 


Female Male Female 





Mo'- 


Mor- 



Mor- 


Mor 



Public 

tality 

Public 

tality 


Public 

tality 

Public 

tahty 


limes 

Health 

Sta 

Health 

Sta 

limes 

Health 

Sta- 

Health 

Sta 


Hosp 

Surrey 

tistics 

Survey 

tistics 

IIosp 

Survey 

tistics 

Surv ey 

tistics 

Cancer all types 

6 29 

4 24 

4 61 

8 32 

7 00 

11 790 

19 615 

278 860 

24 735 

336 844 

Benign lesions all types S 82 

— 

— 

— 

— 

1 699 

— 

— 

— . 

— 

Control groups 











Cancer 

8 45t 

5 

4 751 

6 83g 

5 27§ 

8 572 

14 022 

265 993 

15 100 

256 945 

Benign lesions 

8 50^1 

— 

— 

— 

— 

1 106 

— 

— 

— 

— 

Kidney Cancer 

— 

6 49 

4 57 

4 76 

4 40 

— 

231 

4 983 

126 

3,816 

Kidney Carcinoma 

S 64 

— 

— 

— 

— 

195 

— 

— 

— 

— 

Bladder Cancer 

— 

1 98+ 

3 72* 

5 74 

5 70 

— 

654 

13 145 

261 

5 985 

Bladder Carcinoma 

4 88* 

— 

— 

, — 

— 

430 

— 

— 

— 

— 

Bladder Papilloma 

2 36* 

__ 

— 


— 

127 

— 

— 



— 

Prostate Cancer 

— 

7 58* 

4 84 

— 

— 

— 

1 490 

27 447 



— 

Prostate Carcinoma 

11 23* 

— 

— 

— 

— 

374 

— 

— 





Penis Carcinoma 

27 30* 

— 

— 

— 

— 

120 

— 

— 

— 

— 

Other genito urinary 











sites Cancer 

— 

— 

14 74* 

— 

— 

— 

— 

1 411 

— 



Scro um Cancer 

— 

— 

13 71* 

— 

— 

— 

— 

151 





Scrotum Carcinoma 

25 

__ 

— 

— 

— 

8 

— 

— 

— 



Testis Cancer 

— 


2 60* 

— 

— 

— 

— 

1 803 

— 

— 

Testis Carcinoma 

3 04* 

— 

— 

— 

— 

263 

— 

— 

— 




* The percentage colored is significantly dififerent from that of the corresponding control group 
Compostiton of Control Groups 

t All male patients with cancer except those with carcinoma of the exposed skin and lip 
t All men with cancer except those with cancer of the skin and lip 
§ All women with cancer except those with cancer of the skin lip uterus and cervix 
1i All male patients with benign lesions except those with keratosis and leukoplakia 

the percentage colored for cancer of the bladder and of the control groups 
(5 74 and 683 per cent, respectively, for the U S Public Health Survey and 
5 70 and 5 27 per cent for the mortality statistics) 

Cmcinoma of the Piostate — Hines Hospital had 374 men with carcinoma 
of the prostate, and li 23 per cent of the patients were colored This per- 
centage IS significantly higher than that of the control group (8 45 per cent) 
An analysis of the data of the U S Public Health Service gave 7 58 per 
cent colored of 1490 men with tumors of the prostate Although this 
percentage is greater than the 5 61 per cent colored for the control, the 
difference is not statistically significant (P — 007) The mortality statistics 

for tumors of the prostate gave approximately the same percentage colored 
(4 84 per cent) as the control (4 75 per cent) 

The results obtained from the three sources are, for this tumor, not 
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consistent, and no definite conclusions can be drawn It is probable that 
a slightly larger number of colored men develop cancer of the prostate 
than white men 

Cancer of the Penis — Carcinoma of the penis was diagnosed m 120 
patients in Hines Hospital This group of men had the extraordinarily high 
figure of 27 5 per cent colored, which is considerably and significantly higher 
than the 8 45 per cent for the control group 

In the mortality statistics, cancer of the penis is included m the category 
“Other Male Genito-urmary Tumors ” The percentage colored for this 
group of tumors is 14 74 per cent, which is much higher than the control 
4 79 per cent 

It IS quite definite that an extraordmaril) large percentage of patients 
with tumors of the penis is colored 

Cancel of the Sciotnin — Scrotal tumors are raie, and only eight cases 
were observed in the hospital Of these, two weie colored The mortality 
statistics record 15 1 deaths with this tumor, and 13 71 per cent were colored 
This percentage is approximately the same as that for tumors of the penis 
(1474 per cent), and is significantly higher than the control 

Patients with tumors of the scrotum, then, like those with cancel of the 
penis, occurred in a relatively large number of colored men 

Cancer of the Testis — Hines Hospital had 263 patients with tumor of 
the testis and, of these, only 3 04 per cent were colored This percentage 
IS significantly lower than that for the control group 

The mortality statistics gave a percentage colored of 2 60 per cent as 
compared to a control of 4 75 per cent Further analysis of the data showed 
that in the older age-groups (50 years or over) the percentage colored for 
tumors of the testis is approximately the same as the corresponding control 
It seems that young patients with tumor of the testis have a relatively low 
percentage colored, whereas older men with this tumor have the same 
percentage colored as the control group The findings suggest that testicular 
cancer occurred less frequently in young Negroes than in young white men, 
but in older individuals the tumor was equally common in the two races 
Discussion — Surprisingly good agreement on the racial distribution of 
patients with genito-urmary tumors was obtained by analyses of the statistics 
from three diverse sources, namely, (i) patients of Edvard Hines Jr 
Memorial Hospital , (2) the survey on cancer by the Public Health Service , 
and (3) the mortality statistics of the United States This agreement sug- 
gests that the observations are significant both statistically and biologically 
It was noted that patients with tumors of the penis and scrotum had a 
1 datively high percentage colored and those with cancer of the prostate had 
possibly a slightly higher percentage coloied than the control groups On 
the other hand, men vith neoplasms of the bladder and testis had low pei- 
centages colored Cancer of the kidney in men and vomen and cancer of 
the bladder in vomen had approximate!} the same racial distribution as 
the control groups 
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The observed high percentage colored in patients with cancer of the penis 
and scrotum may be attributed to extrinsic environmental factors, such as 
local unhygienic conditions and chronic inflammatory processes The biologic 
factors responsible for the low percentage colored for cancer of the bladder and 
testis are not evident It is even hazardous to guess whether extrinsic environ- 
mental factors or intrinsic racial differences m susceptibility are involved 

SUMALA.RY 

The incidence of cancer of the gemto-unnaiy tract m the white and 
colored lace was studied indirectly by the method of determining the per- 
centage coloied for the tumor and for a control group 

According to this method, cancel of the penis and scrotum and possibly 
cancer of the prostate occuired relatively more frequently m colored than 
in white men Colored men below age 50 had a relatively low incidence of 
cancer of the testis, but Negroes above age 50 had the same incidence of 
this tumor as white men Colored men but not colored \\omen had a 
relatively low incidence of cancer of the bladder Tumors of the kidney 
occurred equally frequently m white and colored individuals 
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BRIEF COMMUNICATION 

AN UNUSUAL CASE OF PENETRATING FOREIGN BODY 

IN THE MEDIASTINUM 

CASE REPORT 

Gustaf E Lindskog, M D. 

New Havex, Conx 

FROM THE DEPARTMENT OF SURGER\, SECTION OF THORACIC SURGER\ , 

■iALE UNIVERSITT SCHOOL OF MEDICINE, NEW HAVEN, CONN 

The following case is presented because of its unusual nature with 
respect to the type of foreign body, the mode of introduction into the 
mediastinum , the absence of serious injury to vital structures , and the 
interesting surgical pioblem piesented m its removal 

Case Report — New Haven Hospital No B-48156 M V , white, female, age 5 ?! was 
admitted to the Surgical Service October 21, 1943 For several weeks she had been 
in a psychiatric hospital, with a diagnosis of manic-depressive psychosis On the 
day of admission, she managed to secrete a straight steel crochet hook on her person 
About two hours before admission, with suicidal intent, she forced the crochet hook 
through the skin of the jugular notch until it was lost in the depth of the tissues 
After a brief period of remorse, she informed a nurse of her action In view of the 
patient's good physical condition and the absence of any significant external wound, 
the nurse was inclined to discredit the patient’s story, but wisely called the physician 
in charge who ordered roentgenograms of the chest (Figs i and 2) This revealed 
the crochet hook lying in the mediastinum and bent at an angle of 45 degrees The 
patient was immediately transferred to the Thoracic Service 

Physical Examination — The patient appeared as an hyperkinetic, slightly dis- 
oriented, elderly white female in apparently good physical condition She complained 
only of slight pain in the posterior thoracic midline and reiterated her desire to die 
Pulse 72, the rhythm regular, blood pressure 172/94 There was a pinpoint, dry 
wound in the jugular notch, no foreign body could be felt under it There was no 
evidence of cyanosis, no subcutaneous emphysema of neck or chest, no dyspnea, and 
only moderate hyperpnea (respirations 38) The lung fields were clear to percussion 
and auscultation, there was no pleural or pericardial friction rub The abdomen was 
negative to palpation The pulses of the lower extremities were full and equal , 
the femoral blood pressures were equal bilaterally 

Opeiafion — Approximately one hour after admission, anesthesia was induced with 
nitrous oxide and cyclopropane, the trachea was intubated, and insufflation of ether- 
oxygen mixtures begun With the patient in the supine position, the entire anterior 
and lateral chest including the lower neck was prepared and draped A submammar}-' 
incision was made on the left and, after elevating a flap of breast and pectoral muscles, 
the anterior half of the fourth rib and cartilage was resected On opening the left 
pleural cavity, there was no evidence of preexisting pneumothorax or bloody effusion, 
the mediastinal pleura appeared quite normal, there was no emphjsema The 
mediastinal pleura w'as opened just behind the phrenic nerve above the pulmonar} hilus, 
unco\ering the pulmonary artery, wrhich w'as uninjured The foreign body could 
not be felt The lung w^as then retracted forward and the posterior mediastinal pleura 
incised Behind the proximal portion of the left primary bronchus the end of the 
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hook was quickly exposed It was cut off with a heavy shears The shaft of the 
hook was then easily manipulated into the pleuial cavity and removed (Fig 3) The 
mediastinal pleural defect was allowed to remain open for drainage and the chest 
closed in layers, with silk, reexpanding the lung with slight positive pressure and 
by aspiration of the residual pneumothorax About 5 Gm of sulfathiazole powder 
was dusted into the mediastinal area and pleural cavity during closure Operation 
time 90 minutes 

Convalescence was uneventful The patient received sulfadiazine therapy for eight 
days, at which time she was afebrile and ambulatory The wound healed per pttmam, 
the left lung expanded well without significant pleural effusion, and she was dis- 
charged to the Psychiatric Service on the ninth postoperative day 



Tir I — Preoperative postero anterior roentgenogram of ehest 


Discussion — The possible treatment of this patient’s surgical problem 
presented several alternatives 

1 Conservative or nonoperative management with chemotherapy in an 
attempt to contiol possible mediastmitis In favor of this course was the 
mental status of the patient Against it was the high probability of secondary 
pressuie erosion of a large vessel or the esophagus 

2 Surgical removal of the hook, by retrograde extraction in the jugular 
notch under local anesthesia In favor of this procedure was its apparent 
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simplicity and the avoidance of niajoi thoiacotomy Against this piocedure 
were the fact that the needle could not be palpated in the neck, its evident 
angulation, and the piesence of a hooked end which could easily pioduce a 
tear of vital stiuctuies duiing withdiawal Fui thei moi e, this loute w'ould 
not gne the opportunity to examine dnectly foi complications in the 
mediastinum and to attempt then control, if found to be piesent 



Fic 2 — Preoperative lateral roentgenogram of chest 


3 Transthoracic mediastmotomy This was the proceduie of choice, in 
view of the considerations mentioned above 

It IS interesting to speculate on the probable couise of this foreign body 
as It entered the superior mediastinum, in oidei to explain its' final location 
and its failure to penetrate the trachea, esophagus or large vessels Having 
been introduced by a right-handed person, it doubtlessly inclined slightly 
downward and to the left, slipped above the left innominate vein, giazed the 

815 



GUSTAF E LINDSKOG 


Annals of Surgery 
November 1944 


trachea, shd over the arch of the aorta between the innominate artery and 
the left internal carotid, and missed the left bolder of the esophagus 
Impinging on a vertebial body, a second hard push (as described by the 
patient) angulated it Its point then passed mferiorly to rest behind the 
left pulmonary artery and left primal y bronchus, m wliicli position it 
was discovered at operation 



I 


Fig 3 — Photograph of the foreign body, showing point of section nnd angulation of the shaft 

SUMMARl 

An unusual case of penetrating mediastinal foieign body (steel ciochet 
hook) IS presented The consideiations determining the method of removal 
and the piobable anatomic couise of the penetiation aie discussed 
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WOUNDS OF THEJIEART 
Col Daniel C Elkin, M C , A U S 

TROM Tltr \\mTEHnAD DEPARTMENT OE SURGERA, EMORA UMVERSITA, ATLANTA, GA 

In No\embcr, 1940, I made a lepoit concerning 38 patients who had 
been opeiated upon for i\omids of the heait 01 mtiapeiicaidial portions of 
great vessels^ All of these patients AAere opeiated upon m the Emoiy 
Universit} Dnision of Grady Hospital, Atlanta Since that time 23 patients 
ha\e been opeiated upon in the same clinic foi similar conditions, and these 
latter cases are here repoited in abstiact, with fuithei obseivations upon 
this condition paiticulaih as legaids its tieatment 

With the exception of Case i the patients 111 this latter senes w^eie 
operated upon b) members of the Resident Staff, and to them should go 
full credit for the continued interest m this field of traumatic suigery Of 
these 23 patients theie weie fi^e deaths, a mortality of 22 per cent, wheieas, 
in the preMously reported 38 patients 16 died, a moitahty of 42 pei cent — 
a combined mortality m the 61 patients of 34 per cent It is believed that 
this reduction m death rate w^as due to several f actoi s The 1 esident sui geons 
w^ho perfoimed these operations have gone through a peiiod of giaduated 
preparator)^ training during wdiich tune they aie allowed to assist m and 
perform proceduies of this type on then owm responsibility and, as a result, 
become more skillful m the performance of such opeiations Moreover, 
they are constantly on the alert to make a pioper diagnosis and m proceeding 
with treatment wuth the least possible delay 

In the first series seven deaths weie recorded as due to infection, peri- 
carditis, pneumonia, and bacteiiemia In the lattei senes there were no 
deaths from infection, and those patients wdio did not recover either died 
on the operating table, or shortly theieafter, presumably from hemoiihage 
or from the effects of tamponade The reduction m mortality from infection 
was not due to the use of sulfa drugs since 111 the second senes it was only 
used in one case (Case i) for the treatment of postoperative pneumonia 
In no instance has it been placed in the wound I believe that the reduction 
m infections is, 111 the mam, due to a more meticulous technic and in careful 
preoperative prepaiation In no instance of the latter senes has careful 
preparation and operative technic been sacrificed for speed and haste 

Another factor wdiich may be of considerable impoitance has been the 
giving of intravenous fluid prior to operation I was formerly of the opinion, 
which was largely based upon the work of Beck,^ that mi the presence of 
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tamponade^ the giving of blood oi any othei fluid intravenously was of no 
value since the tamponade would prevent its reaching the heart The 
expel imental work of Cooper, Stead, and Waiien® presents evidence that 
the lapid intravenous infusion, with subsequent inciease in blood volume, 
enables a dog to withstand a consideiably highei intrapericardial pressure 
Based upon this conclusion, intravenous infusions were given to the last 
eight patients, and in each theie was a clinical improvement preoperatively 

All the patients in this series, as well as those previously leported, were 
operated upon since in each theie was definite evidence of caidiac tamponade 
This diagnosis was based upon the loweied aiterial pressure and increased 
venous pressure, and the presence of a quiet heait as noted on fluoroscopic 
examination This latter diagnostic point was fiist described by Bigger,^ 
and has since been emphasized by others Of all signs leading to a diagnosis 
of tamponade this is the most important and is the one least likely to lead 
to a mistaken diagnosis 

Venous pressure readings are not only of value in the diagnosis of tam- 
ponade but are of consideiable prognostic importance If the venous pressure 
IS high, that, in itself, is evidence that the heart is cairying- on its functions 
and that the cardiac output is at least sufficient to produce such pressure 
On the other hand, a low or lowered venous pressure m the presence of 
tamponade is evidence of a failing heart and of a greatly reduced cardiac 
output In this connection, it is interesting to note that Case 9, with a venous 
pressure of 120 mm of water, died two hours after opeiation, that Case 16, 
with venous pressure of 150 mm of watei, died on the table, and that 
Case 21, with venous pressure of 210 mm of water, died on the table 

It will be noted that in all patients there was a definite lowering of the 
arterial pressure, and in 17 of the 23 blood pressure readings could not be 
recorded In those patients who recovered theie was an immediate rise in 
arterial pressure following the release of the tamponade 

Some type of general anesthesia in which positive pressure can be used 
for inflation of the lung is preferable to local anesthesia The difficulties of 
heart suture require that the patient be quiet, and these patients are usually 
excited or may become so with the release of the tamponade and, unless 
completely anesthetized, their movements may inteifere with the operation 
at the most inopportune time 

As previously pointed out, the approach to the heart is made on the left 
side of the sternum with the incision placed about one intercostal space below 
the external wound In most instances a transverse incision extending from 
about two centimeters outside the nipple line and carried well across the 
sternum has been used By this approach one or two ribs can be removed, 
and, if necessary, the adjacent costal cartilages cut and a portion of the 
sternum lemoved The pectoralis major muscle is separated in the direction 
of its fibers and can be retracted from the surface of the three ribs Every 
caie should be taken to prevent opening the pleura since such a complication 
adds materially to the shock which the patient has already undergone The 
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internal mammary vessels must be carefully isolated and ligated They 
may not bleed before the tamponade is released, but later hemorrhage from 
them may be fatal unless proper ligation has been performed The pleura 
on the left is displaced fiom the pericardium by gauze dissection and held 
out of the wound by a wet pack As a lule, the pericaidium will be tense, 
and its pulsations weak or imperceptible If the wound in the pericardium 
is seen it should be enlaiged or, if not readily found, it is opened between 
stay-sutures Occasionally the heart wound can be located before the blood 
and clots are removed and before the heart starts beating actively, and under 
such conditions it can be readily sutured More often the heait wound is not 
disclosed until blood and clots are removed by suction When the intra- 
pericardial pressure is relieved the bleeding becomes marked and contractions 
of the heart increase in force When the wound is located, and it is most 
often found m the right ventricle, its closure is facilitated by placing the 
left index finger over it In this way the bleeding will be impeded suf- 
ficiently to allow the passage of a suture diiectly under the finger This is 
left untied for the moment and is held in the left hand for traction hemostasis 
while other sutures are placed and tied Should the wound be behind the 
sternum or on the posterior surface of the heart a stay-sutui e passed through 
the apex, as advocated by Beck,® is of great value By this means the 
wound may be rotated into a favorable position for suture It is to be 
noted that theie were two instances of double wounds, one of the pulmonary 
artery with recovery, and one in the anterior and posterior surface of the 
right ventricle, which recovered In this second case 'the use of the apex 
stay-suture was of particular value in rotating the heart into a position 
where the posterior wound could be successfully sutured Wounds of the 
coronary vessels may require ligature but are not necessarily fatal Beck^ 
has recently devised an ingenious method of suturing wounds in the vicinity 
of the coronary vessels without injuring them The pericardium should be 
closed loosely to allow the escape of pericardial fluid, but the chest wall 
should be sutured with careful approximation of the anatomic layers De- 
tails concerning the suture of wounds of the auricles and great vessels have 
been previously described ^ 

The opinion was expressed by me in a previous paper^ that operation 
should be carried out as soon as the diagnosis of a heart wound is estab- 
lished In view of the reports from other clinics on this subject this opinion 
should probably be modified to include some form of conservative treatment 
if conditions are not urgent and operation does not seem to be immediately 
demanded Bigger,® Strieder,’*’ and Blalock® have emphasized the value of 
aspiration of the pericardium as a preliminary to operation, and in some 
instances it has been found that aspiration alone is the only operative pro- 
cedure necessary, since some wounds, particularly those which do not pene- 
trate the cavities of the heart, have sealed, and aspiration of the blood relieving 
the tamponade is sufficient to bring about a cure Blalock® advocates that 
in cases of tamponade where there is no bleeding into the chest or to the 
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outside, that the peiicaidium be aspiiated, but that “all facilities should be 
available for immediate opeiation if it becomes necessary” He further 
states that “if blood leaccumulates lapidly follo^Mng aspiiation, it is agreed 
that exposuie and suture of the heait wound is indicated ” He also makes 
a statement that “if one has good leason to believe that an auricle rather 
than a ventricle has been injuied, one may more safely defer operation” I 
do not believe theie is an} method wheieby it may be determined whether 
an auricle, a ventricle, or the mtiapeiicardial poition of a gieat vessel is the 
point of injury The diiection of the knife-thiiist or a bullet wound is 
notoiiously misleading, and the position of the cardiac wound cannot be 
determined by the \\ound of entiance, and the symptoms of tamponade are 
the same no matter vhat the source of the bleeding It would seem then 
that the only modification of the advocacy of immediate sutui e would be con- 
tinued improvement following aspiration AMthout lecuiience of the signs 
of cardiac compression 

CONCLUSIONS 

Twenty-three patients operated upon for wounds of the heart are pre- 
sented in abstiact These aie in addition to 38 cases of similar nature pre- 
viously reported from the Department of Surgery, Emory University, Grady 
Hospital, Atlanta The mortality rate in the latter senes was 22 per cent as 
compared with 42 per cent m the first senes 

Conjectured reasons for this lower moitahty rate aie piesented 
It is believed that the giving of intravenous infusions prior to operation 
has a beneficial effect by increasing blood volume and, hence, cardiac output 
While immediate opeiation was undertaken m all patients of this series, 
and carried out as soon as diagnosis was made, it appears evident from the 
reported cases of other clinics that aspiration of the pericaidium, both as a 
temporary and definitive method of ti eating cardiac tamponade may be 
properly employed Operation should not be delayed if there is evidence of 
bleeding into the pleural cavity or through the external opening 
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Although stais wounds of the heart Mith pencaidial tamponade are not 
common, they do constitute a unique and serious problem in emergency 
therapy These patients usually ainve at the hospital m profound shock, 
with coma, cold, clammy extiemities, unobtainable arterial pressure, and dis- 
tended veins Knowledge of the circulatoiy dynamics is not only of con- 
siderable theoretic interest, but of practical importance in therapy as well 
It IS obvious that the cii dilation can be maintained only as long as the venous 
pressure exceeds the elevated intiapencaidial pressure It was felt that a 
consideration of the factors leading to elevation of the venous pressure might 
lead to a moie lational basis foi theiapy 

The elevated venous piessure in pericardial tamponade is usually said 
to be produced by damming up of blood behind the obstruction to the venous 
inflow to the heart, much as a dam causes a stream to fill up and form a lake 
Such an analogy is applicable to the inciease in venous pressure which is 
produced in an extremity by blocking the venous outflow with a tourniquet 
The retained blood fills and distends the veins of the part until the pressure 
within them can overcome the block At this point the veins of the extremity 
contain more blood than before, this blood being obtained by compensatory 
vasoconstriction in other paits of the body By this method the venous 
pressure in a part can be elevated practically to the level of the systolic arterial 
pressure It must be remembered that the lake is formed not with the 
water that is continually being added to the stream from above Thus, the 
analogy of the dammed stream in its entirety is not applicable in pericardial 
tamponade, because the circulation is a closed system in which the venous 
inflow to the heart is dependent upon the cardiac output The amount of 
venous distention which can be caused by damming up the venous inflow 
to the heart is limited by the fact that a decrease m cardiac output rapidly 
diminishes the stream of blood entering the venous system The venous 
pressure must be raised in some manner by the use of blood already in the 
vascular bed and not b)'- blood being constantly fed into it from fresh sources 
Blood in small amount is obtained by vasoconstriction forcing blood in pe- 
ripheral vascular beds into the larger veins With the fall in arterial pressure 
less blood is contained in the arterial tree, and this blood also becomes avail- 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Emory University School of Medicine 
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able to fill and distend the venous system Thus, the rise in venous piessure 
IS produced b) a combination of vasoconstiiction and ledistiibution of blood 
in the vascular bed It must he lemembered that most patients with stab 
wounds of the heait have lost blood exteinally, so that the vasoconstrictor 
mechanisms ha\e already been called into play to compensate for the 
decrease in blood \olume Under these conditions the body is at a disad- 
\antage in attempting to laise the i enous piessuie to oveicomd the tamponade 
Another method b) vhich the venous pressuie may be elevated is an 
increase in blood volume This is an impoitant mechanism in the ele- 
Aation of the \ enous pressure in chionic congestive heait failure, but does 
not operate in acute pencaidial tamponade because the onset is almost 
instantaneous The capillary piessure thioughout the body is elevated, so 
that rapid passage of fluid into the blood stieam does not occur Since 
survival in pencaidial tamponade is dependent upon elevation of the venous 
pressure, it appealed that the use of mtiavenous fluids to raise the venous 
pressure b} increasing the blood volume might be beneficial The following 
experiments were undei taken to test such an hypothesis 

Methods — ^ledium-sized dogs weie used, two of w’hich w'eie subject to 
splenectomy two weeks piioi to the expeiimental piocedure Undei sodium 
pentobarbital anesthesia, and with positive piessure artificial lespiration, 
the left pleural space was opened and the peiicaidium exposed A flanged 
metal tube, similai to that used by Katz and Gauchet,^ w^as inserted into 
the pericardium and screwed down to foim a w'atei -tight junction A small 
rubber tube attached to the metal one traversed the dorsal portion of the 
left chest The wound was closed tightly about the rubbei tube and the air 
remaining m the pleural space was aspirated 

Several hours later the experiments w'ere conducted At this time the 
animals breathed naturally, without difificulty, and w^ere alert and active 
The rubber tube was connected wuth a reservoir of physiologic saline solution 
so that the mtrapencardial pressure could be varied at wull A No 8 ureteral 
catheter was inserted in the superior vena cava and the central venous 
pressure measured directly in centimeters of w^ater The mean arterial 
pressure w^as obtained in some experiments by diiect femoral puncture 
At the conclusion of the experiment, the opei ative site was examined to check 
the position and function of the tube in the pericardium 

Results — Experiments were carried out upon five dogs In all, rapid 
elevation of the pericardial pressure produced similar results As the saline 
reservoir w^as raised, the venous pressure rose concomitantly, remaining 
slightly above the mtrapencardial pressuie The arterial pulse became para- 
doxical in quality and finally was imperceptible As the pressure was in- 
creased the respirations became inegular and gasping, then ceased, usually 
with the heart still beating If the pressure was released at this time, the 
respirations would usually resume, although at times artificial respiration 
would be necessary for a few minutes The response of the splenectomized 
dogs appeared no different from those with the spleen intact 
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The pressure required to produce such S5uuptoms was quite constant for 
a given dog, but varied considerably from animal to animal It i anged from 
12 to 22 cm of HoO pressure After determination of the piessure required 
to produce such severe symptoms, a rapid intravenous infusion of physiologic 
saline solution was given to temporarily increase the blood volume That 
it did so was demonstrated by a fall m hematocrit i eading and plasma protein 
concentration Seveial minutes after infusion was started the ability of the 
dog to withstand increased pencaidial pressure was retested In three such 
experiments the dog withstood 92, 95, and 146 per cent greater pressure 
than previously In two instances after the blood volume had returned to 
normal, the ability to withstand inci eased pencaidial pressure had diminished 
and the entire procedui e was repeated, with similar results 

In human cases of pencaidial tamponade the situation is slightly different, 
in that the tamponade is already present when therapy is started and the 
rent in the pericardial sac is usually closed Theiefore, two experiments 
were conducted with a closed S3'stem Severe tamponade was produced and 
the lumen of the lubber tube leading from the pericardium was then occluded 
In both of these dogs theie was distinct improvement with the administration 
of approximately 300 cc of saline solution In the one instance the mean 
arterial pressuie rose from 40 Mm Hg to 78 Mm Hg The inti apericardial 
pressure and venous pressuie as measured aftei improvement lose less than 
two centimeters of water 

Comment — The pressuie in the pericardium necessary to produce circu- 
latory failure in our dogs was similar to that pi eviously reported ^ 
The effects of saline infusion aie similar to those reported by Beck,^ except 
that he was unable to obtain improvement when the tube leading to the 
pericardium was clamped off Fiom a theoietic standpoint, it appears that 
improvement in the circulation under these circumstances would depend upon 
the ability of the peiicaidium to stretch and allow an adequate cardiac 
filling with the increased venous piessuie In our dogs such stretching 
appeared to occur, and the inci eased pericardial piessure was more than 
compensated by the inci eased venous piessuie 

The physiologic alteiations in acute pericardial tamponade are not similar 
to those in chronic constrictive pericarditis In the latter condition cardiac 
filling is prevented by dense fibrous tissue no matter how high the venous 
pressuie becomes In acute pericardial tamponade filling can occur if the 
venous pressuie sufficiently exceeds the mtrapei icardial pressure and if the 
pericardium is able to stretch 

Opinions differ as to whether the intiavenous admimstiation of physio- 
logic saline solution is beneficial in patients with acute pei icardial tamponade 
resulting from a stab wound of the heart or gieat vessels In the patients 
who survive until they reach the hospital the myocardial, and probably the 
pericardial, rents are at least temporarily closed Bigger^ states that intra- 
venous infusions are useful Elkin,^ and Griswold and Maguire® believe 
that they are of little benefit Stimulated by the favorable results in expen- 
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ments on the dogs, saline infusions ha^e been administeied to the last three 
patients admitted to Grady Hospital with tiaumatic peiicaidial tamponade 
In each case the arterial pi essure i ose and the patients became more rational 
At operation, the wounds m the heart and peiicardmm were found to have 
remained sealed, in spite of the use in arterial pressure 

Blalock and Ravitch® have recently emphasized that the tamponade can 
frequent!} be leheved by aspiiatmg the pericardium They stressed the 
fact that 111 many instances the bleeding does not recur and that operation 
is not necessary The lesults lepoited heie suggest that the ciiculatory failure 
in acute pericardial tamponade is helped by the use of mtiavenous infusions 
This form of theiapy serves as a useful adjunct to the tieatment either by 
aspiration or by opeiation It is possible that, in certain selected patients, 
raising the venous pressure by increasing the blood volume will restore the 
circulation to an adequate level without either aspiration or operation 

SUMMARY AND CONCLUSION 

1 Acute pericaidial tamponade was produced in dogs The pressure 
required to produce severe S}mptoms varied from 12 to 22 cm of water 

2 A rapid intravenous infusion, Mith subsequent inciease in blood volume, 
enabled the dogs to withstand 92 to 146 pei cent greater pressure 

3 In two dogs severe tamponade was produced, and intravenous saline 
solution caused striking improvement, even though the pericardium was closed 
and no fluid escaped 

4 Preliminar}^ observations upon patients with acute pericardial tam- 
ponade from stab wounds of the heart indicate that the preoperative adminis- 
tration of intravenous fluids is beneficial 
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A NUMBER or interesting studies of the I are and highly specialized 
tumor-form, known most commonly as synovial sarcoma, have appeared m 
recent years One might expect that a clear conception of the pathology, 
degree of malignancy, clinical course and results of treatment could be 
gamed by a perusal of these papers It is distressing to find that this is 
not so, chiefly because a veiy consideiable number of cases have been reported 
as synovial sarcomas which were not such, but, m reaht}^ xanthomatous 
giant cell tumors, tumor-hke hyperplasias of the synovial tissues or other 
benign lesions curable by simple excision Thus, the apparent cure rate has 
been made higher than is in fact the truth It has seemed timely, therefore, 
to undertake a new study m order to obtain more accurate information 

The procedure has been first to obtain confirmation of the mesothehal 
nature of the neoplasm by making tissue culture studies of thiee cases (Nos 
98, 99 and loi) This work is reported elsewhere (Murray, Stout and 
Pogogeff, Annals or Surgery, p 843, this issue), and leaves no doubt 
about the specialized characteristics of the tumor cells The three tumors 
from which these cultures were obtained all had very striking histologic 
characteristics They were composed of an inextricable admixture of meso- 
thehal cells which often lined slits or tubes and secreted a mucicarmmophihc 
substance, with strands of active, hyperchromatic fibi osarcoma-hke cells 
associated with reticulin fibers The relative amounts of these two cell- 
forms varied enormously, but both of them were always present It was 
determined to regard these as the histologic features chai acterizing this tumor 
With this in mind, cases reported as synovioma, synovial sarcoma, or by 
some related term, were reexamined and those which did not fulfill our criteria 
were rejected This screening yielded 95 cases, to which we add nine addi- 
tional previously unreported examples, four of them from the Presbyterian 
Hospital and five from other sources 

An evaluation of the information gleaned from this pritically selected group 
has yielded information of clinical value Males preponderate m the propor- 
tion of 3 2 (males 62, females 41, sex unknown i) Reference to Chart i 
will show that although this tumor may develop at any age, it is much more 
frequently found in early adult life than at any other time The mean age of 
the 103 patients whose age is known was 32 years 

As is the fact with many bone and joint lesions, synovial sarcomas develop 
most frequently in the region of the knee joint — nearly half of the tumors have 
been found in that region The distribution is as follows Lowei extremity 
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82 (79 pel cent) cases (hip 2, groin 2, buttock i, thigh 7, knee 49, lower 
leg I, ankle 9. foot to, great toe i) , upper extremity 22 (21 per cent), (axilla 
I, elbow 9, forearm i. waist 4, hand 3, fingers 4) 

It should be pointed out tliat, w her eas, these tumoi s ai e composed almost 
certainly of mesothehal cells, it is Aery questionable whether or not they are 
derived from the normal lining cells of joints, tendon sheaths, and bursae, 
because the tumors are usually outside of these structures although often in 
close proximity to them E\en when the tumors grow to a relatively large 
size. It IS -very rare for the actual lining of joint 01 tendon sheath to be 



Chart I 

Quinquennial Age Distribution of SjnoMal Sarcomas 

affected Thus, among Briggs’ (1942) nine cases only one (Case 88 of this 
series) involved the synovia, and in oui owm group of nine cases only one 
(Case loi) actually involved a synovial membrane In contradistinction to 
this, the synovial hyperplasias, giant cell tumors, hemangiomas and other 
nonniahgnant lesions almost ahvays involve the synovial tissues themselves 
The initial symptom of the synovial sarcoma is usually pain According to 
Lazarus and Marks (1943) this is preceded m about 25 per cent of cases by 
a history of trauma They felt that this was too small to have any etiologic 
significance, and wnth this w'e agree The pain is often present for a long 
time, sometimes for several ^ears, before a tumor is noted The symptoms 
are so chronic that in a number of these patients the knee has been explored 
with the provisional diagnosis of internal derangement of the joint In others 
the lesion has been mistaken for tuberculosis or for some form of arthritis 
The mean duration of symptoms when the patient came for treatment in the 
98 cases m which this information w^as available, was 2 6 years 
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The total duiation of the disease is correspondingly prolonged Forty- 
seven of the patients aie known to have died, and in 42 the total duration 
of disease from the onset of the first symptom to death is stated It varied 
fiom five months to 16 years, the mean total duration being 5 7 years 
Only three patients m the group of 104 have been clinically cured for more 
than five years after treatment These are cases 33, 83, and 97, which were 
reported without evidence of tumor six, seven and eight years, respectively 
The duration of the disease m the clinically cured cases does not, therefore, 
influence to any appieciable degree the conclusion derived from the fatal 
cases that synovial saicoma is among the more slow growing of the malignant 
neoplasms 

Although the disease apparently remains localized for several years, 
metastases eventually manifest themselves m the great majority of cases 
Even though the follow-up data are often incomplete in this collection of 
cases, metastases were recognized m 43 of the 47 patients who died, while 
seven others who weie still alive also had them The distribution in these 
50 patients suggests that although the blood stream is the usual route for 
metastases, thej'^ are occasionally carried via the lymphatics to the regional 
nodes The lecorded sites of involvement were Lungs 43, lymph nodes 12 
(inguinal 7, axillary 4, iliac i), skin 2, abdomen 1, bones i, brain i, gen- 
eralized 2 

G10SS Pathology — The morphologic characteristics of these tumors are 
quite uniform Starting from a focal point they grow chiefly by expansion 
so that they are circumscribed but as they also mfiltiate there is no true 
capsule and they are more or less adherent to surrounding structures The 
gross tumor is nodular and is moulded by the density and resistance of the 
tissues within which it grows Its firmness depends upon the relative content 
of Its fibrosarcomatous element, whether or not there is calcification or 
ossification, and upon the amount of degeneration When cut open the 
exposed tumor tissue is basically a very pale creamy-pink like the majority 
of sarcomas but this is generally mottled with reds and yellows from hemor- 
rhage and degeneration Some of the tumors are quite hard in places where 
fibrosis and calcification has occurred They aie generally found close to, 
or adherent to, a joint, tendon sheath or bursa, but it is seldom that they 
project into the synovial cavity and some tumors, particularly those arising 
in the thigh, do not appear to be demonstrably connected with any of these 
structures 

Htstopathology — The synovial sarcomas are always compounded of two 
elements both of which are neoplastic and as inseparable as the lining cells of 
joint, tendon sheath or bursa and the supportive tissue upon which these cells 
rest These two may be designated as the fibrosarcomatous element and the 
synovial element If one studies a number of different tumors as well as 
many parts of the same tumor, it becomes appaient that there are almost 
infinite variations not only in the relative pioportions of the two elements with 
respect to one anothei but also in the degree of differentiation of the two types 
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of tissue in the same and different tumors Always, however, both types 
are present in some part of the tunioi/ inextricably intei mingled one with 
the other One can best study these tumois by using some silver connective 
tissue fibei stain because of a basic difference between the two tissue types 
The fibrosarcomatous elements are always furnished with reticuhn fibers 
which will be blackened by the silver while the synovial elements are always 
free from fibei s Thus, with a silver stain the relative propoitions of the 
two elements are distinguishable at a glance no mattei what the stage of 
differentiation Both cell types are found in a numbei of different guises 
with varying degiees of differentiation 

The synovial elements lepeat in an atypical fashion the appearance of the 
normal lining cells of joints, tendon sheaths and buisae when iiritated, or in 
the embryonal state Thus, they may appeal as solid bands or masses of 
elongated swollen spindle-shaped cells (Fig 4), or with slits or spaces 
among them If spaces form, the cells lining them may remain lelatively 
unchanged or they may assume a cuboid al (Fig 3) and sometimes a tall 
columnar shape (Fig 7) If cuboidal they may heap up and form papillary 
piojections (Fig i) Regardless of their shape and relationship to spaces, 
the cells often contain droplets of a mateiial staining red with mucicarmme, 
which we may assume is hyaluronic acid, since this is the mucm-Iike material 
formed by synovial cells 

The fibi osai coniatous elements surround and enclose the synovial elements 
wherever they aie present They may be extiemely inconspicuous and 
resemble a mere supportive framework (Fig 5) or in some areas they may 
dominate the field to the exclusion of the synovial elements (Fig 6) Gen- 
erally the cells are hyperchromatic spindles accompanied by reticuhn fibers 
and they form bands or cords (Fig 6) Variations fiom this are the forma- 
tion of bizarre forms or cuboidal cells when diffeientiation is poor On 
the other hand, there may be areas in which differentiation is so good that 
adult fibiocytes and collagen fibers predominate Calcification may occur 
in such areas or it may sometimes be found wheie there is no marked 
fibrosis (Fig i) When differentiation is good in a fibrosaicomatous area 
the synovial elements of the same area usually show a rather high grade 
of differentiation (Fig i)^ The diagnosis of these tumors histologically 
IS generally easy if one is careful to take a number of sections from different 
areas for in some of them the characteristic features are sure to appear 
A single biopsy may, however, fail to show both elements The only neo- 
plasms with which it may be confused if both elements aie found are the 
hemangio-endothelioma and the chononepithehoma The diagnostic feature 
which will surely distinguish the synovial sarcoma from these two is the 
ability of its synovial cells to secrete a mucicarminophihc substance Neither 
of the other two are capable of doing this There is one other lesion of joints 
which has been confused with synovial sarcoma This is the formation of a 
tumor mass within the joint made up of vascular inflammatory and fibroblastic 
tissue associated with a marked new formation of sht-hke spaces lined 
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with synovial cells Such lesions closely resemble the synovial sarcomas but 
they differ m one important respect /neither the synovial cells nor the stromal 
cells show the morphologic changes which peimit one to recognize them as 
neoplastic At most, they are hypei plastic Such tumors, of which we have 
one example from the knee joint of a 17-year-old girl, might be called benign 
synoviomas if they could be classified as tiue neoplasms, but it does not seem 
proper to suggest this if, as is probable, they are puiely inflammatory hyper- 
plasias As previously stated, the giant cell xanthomatous tumors and the 
hyperplastic tumors have been included in some reported groups of synovial 
sarcomas We do not agree with this and believe that only those cases 
showing the features above described should have the term applied to them 

Case I — (Table I — No 96) History No 23151 J R, a married woman, age 37, 
came to the Presbyterian Hospital, August 24, 1915, complaining of a tumor in the 
right popliteal region Five years previously she had begun to have pain in this region 
It was severe enough to keep her awake at night Four years previously a swelling 
was noted in the popliteal region, and the pain gradually disappeared The tumor grew 
slowly and continuouslv Eight months before admission it had become tender, but was 
otherwise painless She had had six childicn, the most recent eight months previously, 
and she was still lactating on admission to the hospital There was an oval tumor 
in the right popliteal region, extending downwards into the calf It was firm, elastic, 
and was not tender It did not move when the calf muscles were contracted It 
measured 15 x 10 x 5 cm The skin over it was normal except for several dilated 
superficial veins The lungs were described as clear, but no roentgenologic examination 
was made preoperatively At operation (Di Hugh Auchincloss), August 25, 191S, a 
long vertical incision was made over the tumor It seemed to be encapsulated, and 
rather soft and hemonhagic An attempt was first made to dissect it out from the 
tissues which surrounded it, but the delicate capsule was repeatedly torn, and the attempt 
was finally abandoned when the dissection had progressed to the point where it was 
seen that the internal popliteal nerve could not be freed from the lower pole of the 
tumor An amputation just above the knee joint was then performed On the third 
day postoperative the patient began to have an elevated temperature, ranging between 
101° and 103° F, and complained of pain in her anterior chest Signs of irregular 
patchy consolidation over both sides of the chest posteriorly developed, and she began 
to cough A roentgenogram showed a number of rounded shadows, some of them as 
large as five centimeters in diameter, scattered throughout both lung fields They 
were beyond doubt metastases The patient’s elevated temperature gradually subsided, 
her chest pain decreased, and her stump seemed to be healing satisfactorily, until the 
sixteenth day after operation, when she complained of - severe pain in her chest The 
next morning she suddenly developed severe dyspnea and cyanosis, and died within half 
an hour No autopsy was obtained, but it was presumed that she died of a massive 
pulmonary embolus 

Microscopically, the fibrosarcomatous elements predominate, and vary tremendously 
from very fibrous calcified areas to very poor differentiation with round cells Slits 
are infrequent Some are lined with flattened cells, others with cuboidal and occasionally 
with columnar cells No mucicarmmophilic material demonstrated (Fig i) 

Case 2— (Table i— No 97) History No 462118 C S, a 27-year-old pipefitter, 
came to the Presbyterian Hospital, August 21, 1935, complaining of a tumor of the 
right elbow Four years previously he was cranking his car when the engine backfired 
and he felt something slip in his right elbow It was painful and slightly swollen 
for a few days but these symptoms soon disappeared During the next six months the 
elbow became increasingly stiffened He went to a New York hospital where he was 
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given an anesthetic and the elbow manipulated The increased freedom of motion 
did not last long, however, and within a short time his elbow could not be moved mor 
than about ten degrees Soon after the manipulation the patient noticed a tumor along 
the lateral border of the elbow This slowly increased in size A week before admission 
to the hospital he jerked his arm and the resulting pain drove him to se^ medical 
advice Examination showed the right foreaim in about 130“ flexion There was 
motion by measurement between 128° and 92° Supination was full but slightly painful 
Only about one-third of pronation was possible Over the origin of the extensors of the 



Fig I — Case i (Table I — ^No 96) Sjnoiial sarcoma of rigrht popliteal region 
Photomicrograph (X 4io) , hematox>lin and eosin stain A ^vell differentiated synovial 
tumor structure in uhich villous processes have been formed The inset shows an area 
of calcification in a \illous process 

forearm and wrist there was a firm tumor which moved with muscle contraction Roent- 
genograms showed a widening of the humeral metaphysis in the supracondylar region, 
with a bony spur projecting downward and anteriorly from this portion of the humerus 
The findings were those of an old united fracture of the humerus It was assumed 
that the tumor was a calcified hematoma Doctor W Darrach performed an exploratory 
operation on September 12, 1935 A soft, encapsulated, fusiform tumor mass, measuring 
7 X 4 5 cm , was found lying between the brachioradialis and biceps muscles The 
radial nerve entered thd upper pole of the tumor and its fibers were seen spreading 
out over its surface (Fig 2) An incision, one centimeter in length, was made into 
the tumor for biopsy, and several small fragments of friable reddish tissue removed 
Frozen sections showed a cellular sarcoma Further histologic study was deemed desir- 
able before deciding upon the form of treatment, and the wound was, therefore, closed 
in layers Study of the 24-hour paraffin sections having shown that the tumor was 
a synovial sarcoma, amputation through the shoulder was decided upon This was 
performed September 14, 1935 Convalescence was uneventful When he was last 
seen eight years and eight months later, in May, 1944, he was well and working as 
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a photostat operator A roentgenogram of the chest taken at that time did not show 
any evidence of metastases ^ 

Microscopically, this is a poorly differentiated tumor m which the synovial elements 
predominate Slits are many, but small, and lined with undifferentiated cells (Fig 3) 
Some contain droplets of mucoid In the better differentiated areas, the fibrosarcomatous 
elements become ordinary fibrous tissue and, clothed with synovial tumor cells, form 
papillary projections into the enlarged spaces 

Case 3 — (Table I — No 98) History No 606261 G W, a ip-year-old boy, came 
to the Presbyterian Hospital, April 5, 1940, complaining of a recurrent tumor of the left 
femoral region Fifteen months previously, while fencing, he had first noted a small 
tumor nodule m the left femoral region On the evening of the same day on which he 
discovered the tumor, seveie pain developed in the groin, and he went to his physician 
His temperature was found to be elevated, and he was sent to a local hospital There, 
on the following day, the mass in the groin was incised and a large amount of “blood 



Fig 2 — Case 2 (Table I — 97) S^novlal sarcoma of right antecubital fossa Dissection to show 

relationship to radial nerve and joint capsule 


and pus” drained He remained in the hospital ii days The wound healed satis- 
factorily, and after healing was complete no swelling remained After an interval 
of ten months, during which he was apparently well, recurrence of the tumor in the 
femoral region was discovered It was about the same size as the original tumor, but 
was painless After some weeks of indecision, by the doctors he consulted, he was taken 
to a hospital in another city, where a biopsy was done, and a diagnosis of “fibro-spindle cell 
sarcoma” was made The lesion having been considered inoperable, a series of roent- 
gen ray treatments was given An anterior and a posterior portal were used, each 
measuring 10 x 15 cm Treatments were given on January 23, 24, 25, 26, 27, and 29, 
and on March 19, 20, 21, 22, and 23, 1940 The total dose to the anterior portal was 
1944 r, while the posterior portal received 1464 r The' factors used were 200 
kilovolts, 50 cm skin target distance, and filter of 2 Mm of copper The radiation 
failed to produce any change in the size of the tumor, and the patient was brought to the 
Presbyterian Hospital for consultation Examination on admission showed an irregularly- 
shaped, 5 X 8 cm , firm tumor m the left femoral region below Poupart’s ligament The 
skin over the femoral region was reddened and tanned, and over the center of the 
tumor there was a -vertical biopsy scar The tumor gave the impression of being an 
aggregation of small nodules It could be moved slightly over the deeper structures of 
the thigh A roentgenogram of the chest failed to show any metastases It wa» 
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decided to make certain of the nature of the tumor by another biopsy, and this was 
undertaken on April 12, 1940 When it was exposed, the tumor seemed to be apparently 
encapsulated, and was soft and reddish A small piece was excised and the wound closed 
The histologic diagnosis was synovial sarcoma The tumor w^as situated so high m the 
thigh that hip-joint amputation w'ould have been inadequate A hemipelvectomy was 
discussed, but the surgeon in charge (Dr Louis Rousselot) decided against it, and in 
favor of further radiotherapy Between April 19 3 nd May 15, ^94^> was treated 
through two portals, a 10 x 20 cm anterior one, and a 10 x 10 cm lateral one Each 
received 1900 r The factors used were 200 kilovolts, 50 cm skin target distance, 
filter of 2 Mm of copper There was no discernible change in the size of the tumor fol- 
lowing irradiation The patient refused to return for follow-up after six months and 



(Table I — No 97) SynoMtl sarcoma of antecubital fossa Photo 
micrograph tX 4 io), hematoxjlin and eosin stain above and Laidlaw’s silver reticulin 
stain beloiv ants lined bj iiell differentiated synovial tumor cells are scattered through 
a matrix of spindle shaped cells accompanied bj abundant reticulin fibers 

consulted other physicians He developed lung metastases, and died in April, 1943, five 
yeais and five months after the discovery of the tumor An autopsy was not obtained 
Microscopically, the biopsy shows undifferentiated synovial and fibrosarcomatous 
areas, with relatively few slits Mucoid material is present in many of the synovial 
cells The synovial cells lining the slits are usually swollen and rounded, but occasionally 
elongated (Fig 4) 

Case 4— (Table I— No 99) History No 493264 W D, a 44-year-old Welsh 
porter, came to the Presbyterian Hospital, October 27, 1942, complaining of a painful 
tumor of the left thigh One year before, while he was helping to lift a truck, the 
truck slipped and its corner struck him a heavy blow on the left thigh There was 
considerable swelling and a large purple area developed in the skin His physician 
saw the injury, said there was no fracture, and advised the application of heat 
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Several days after the injury a tender, doughy mass was noted in the injured area 
This tumor persisted without evident change until he came to the hospital Examination 
showed a large, firm, but not hard tumor occupying the middle portion of the vastus 
medialis and the lower portion of the adductor group of muscles of the left thigh 
It was moderately tender and immovable A second similar, but smaller, tumor was 
noted in the lower part of the rectus femoris There was slight atrophy of the thigh 
but no limitation of motion Roentgenologic studies of the chest and skeleton showed 
nothing noteworthy A tentative diagnosis of hematoma of the thigh was made and, 
October 28, 1942, an exploratory operation was performed by Dr F R Meleney A 
vertical incision was made over the lesion, which was found to be a soft, apparently 
circumscribed, neoplasm An attempt was made to enucleate it, but was abandoned 



Fig 4 — Case 3 (Table I — No 98) S>novial sarcoma of upper anterior femoral 
region Photomicrogiaph (X410), hematoxjlin and eosm stain above and Laidlaw s 
silver reticulin stain below The cords of poorly differentiated synovial tumor cells 
without any fibers among them are separated by slender strands of spindle shaped cells 
accompanied by numerous delicate reticulin fibers 

I 

when muscle adjacent to the base of the tumor was found to be infiltrated A biopsy 
was then removed, which showed, what was thought to be, a fibrosarcoma Since 
permission for amputation had not been obtained the operation was terminated On 
November 2, 1942, Doctor Meleney performed a hip joint disarticulation Recover> 
was uneventful In February, 1944, the patient was well and working The tumor 
measured 8 x 8 cm 

Microscopically, the tumor is largely fibrosarcomatous and there are big areas 
without any synovial cells but these are plentiful elsewhere Differentiation is variable 
in both parts but usually rather poor Mucoid material is demonstrated in the slits 
The synovial cells vary in shape from cuboidal to low columnar (Figs 5 and 6) 

Case 5 — (Table I — No 100) P & S No 19873 (from Dr R Ball) H R, 
a male child, age ten, entered a hospital in Chattanooga, Tenn , in 1932, with a 3-cm 
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tumor m the left groin An aspiration biopsy was done, and it was decided to treat 
the lesion with roentgenotherapy The tumor, however, continued to enlarge, and during 
the following four years attained a massive size There was much calcification within 
the growth Local excision was tlien attempted, but the tumor could be only partially 
excised Death occurred in 1938, about six years after the onset of the disease 

Microscopically, the fibrosarcomatous elements piedominate in some areas, and in 
these there is calcification Elsewhere synovial cells dominate the picture Spaces are 
formed occasionally with papillary mfoldings and mucoid mateiial Differentiation is 
poor and no columnar cells are formed 


Fig 5 — Case 4 (Table I — No 99) Synovial sarcoma of lower medial portion of 
left thigh Photomicrograph (X4io)» hematoxjlin and eosin stain above and Laidlaw's 
silver reticulm stain below Portion of the tumor showing characteristic division into 
synovial tumor cell structures and fibrosarcoma like areas 

Case 6 — (Table I— No loi) P & S No 17842 (from Dr C Z Garber) M V, 
a boy, age five, came to the New York Orthopaedic Dispensary and Hospital in 
December, 1937, complaining of pain in the left knee The pain had begun following 
a blow from a golf club eight months previously The knee was explored in December, 
I937» but nothing more than an hypertrophied fat pad was found This was excised, 
but no tumor was found microscopically Two years later, m January, 1939, three 
firm nodules, each measuring between i and i 5 cm , were excised from the scar Pam 
and tenderness m the knee continued, and it was explored again March 13, 1940, by 
Dr A DeF Smith A number of thickened, purplish areas, suggestive of hemangioma, 
were found in the s^movia The process extended around the cruciate ligaments and into 
the posterior part of the knee Frozen section of the tissue removed showed synovial 
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sarcoma Roentgenograms of the chest were negative Doctor Smith, therefore, per- 
formed a midthigh amputation on March 22, 1940 There was no evidence of recurrence 
or metastases when the patient was last seen m August, 1943, thiee years and five 
months after amputation, and six years and foui months after the initial symptom of the 
disease 

Microscopically, fibrosarcomatous elements predominate but there are many gland- 
hke spaces lined with tall columnar cells Mucoid is found in some spaces Differentiation 
IS generally good (Fig 7) 



Fig 6 — Case 4 (Table I — 99) Photomicrograph (X410), hematoxylin and eosin 
stain above and Laidlaw’s silver reticulin stain below Another portion of the same 
tumor illustrated in Figure s to show a pure fibrosarcoma like area without any differ- 
entiated synovial sarcoma cells 


months, when it was excised locally in June, 1940, at the Peekskill Hospital The 
recurrent tumor was in the operative scar, on the medial aspect of the proximal portion 
of the right thigh Roentgenograms revealed a questionable snhtnrv lung me tastasis 
Microscopically, the fibrosarcomatous elements pi edominate, sometimes with the 
formation of round instead of spindle cells There are very few synovial cells but 
these form spaces and the cells secrete mucoid material 

Case 8 — (Table I — No 103) P & S Nos 201 19 and 20467 (from Dr Chester 
Brown) M D , a white female, age 29, came to the Lincoln Hospital in January, 1942, 
complaining of a tumor on the lateral aspect of the right foot The tumor had been first 
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Fig 7 — Case 6 (Table I — No loi) S>novial sarcoma of knee joint Photomicro 
graph (X410), Laidlaw’s silver reticulin stain Synovial tumor cells of columnar shape 
line the cavities Reticulin fibers abundant but limited strictly to the tissue outside of 
the synovial cells 



Fig 8 Case 9 (Table I — No 104) Synovial sarcoma of popliteal region (Photograph by courtesy 

of Dr G H Klinck) 
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noticed five years previously, in 1927, as a "small pimple” situated on the lateral side of 
the base of the fifth toe It gradually enlaiged, extending on to both the dorsal and 
plantar surfaces of the foot Growth had been more rapid during the three months 
prior to admission to the hospital, the period corresponding to the duration of her 
third pregnancy She had had two previous children, ages four and two, respectively 
The tumor had ulcerated a month before her admission An aspiration biopsy had been 
attempted at another hospital Examination showed a large fungating, papillary, 
bleeding tumor involving the dorsum of the right foot in the region of the fifth metatarso- 
phalangeal joint, growing down between, and spreading apart, the fourth and fifth toes, 
and extending on to the plantar surface of the foot The entire tumor measured 
10 X 3 cm Roentgenograms showed pressure erosion of the fifth metatarsal bone 
On January 8, 1942, an attempt was made to excise the tumor locally, but it was found 
that It could not be completely removed Four months later recurrence was evident 

Microscopically, fibi osarcomatous areas predominate, with formation of some 
rounded cells, and, differentiation, very variable and peculiar In only two, out of 
many, sections do synovial cells appear but thse are well differentiated and line cavities 
containing mucoid material 

Case 9 — (Table I — No 104) P & S No 21614 (from Dr G H Klinck and 
Dr G A Clark) K S, age 31, was admitted to the Samaritan Hospital, Troy, N Y, 
because of a tumor of the popliteal region It had been present for eight months and 
was painless On February 1, 1943, the tumor was excised locally It was encapsulated, 
but it could not be completely removed (Fig 8) The patient refused amputation 
Sixteen months later there was a local recurrence, six centimeters in diameter 

Microscopically, synovial cells predominate There are many spaces, some lined with 
flattened differentiated cells and others with swollen undifferentiated cells There is 
some fibrosis Very little mucoid material is demonstrated 

Treatment — ^The situation of synovial sarcoma in a limb, and its tendency 
to remain localized for a long time, are factors that give the surgeon a great 
advantage m dealing with it That he has failed to take advantage of this ^ 
opportunity is clear from the disastrous record of the treatment used in 
the senes of 104 cases which we have reviewed Only three of the patients 
were clinically cured more than five years 

The therapy employed has been of four general types ( i ) Radiation alone 
or in combination with surgery, (2) local excision, often repeated several 
times, (3) excision, or exploratory operation, with an attempt at excision, 
follow^ed immediately, or within a short time, by amputation , and (4) biopsy 
followed shortly by amputation We will discuss these methods of treatment 
in order 

Radiation appears to have been singularly futile in this disease It has 
often been employed, but five-year cure has not been obtained in a single 
case in which radiation was the chief reliance In Case 33 in Table I ( Coley 
and Pierson’s Case 8), the patient was well six years after treatment, but the 
radiation treatment was followed by amputation We have been unable to find 
any clear evidence that radiation is even of palliative value In Case 98, in 
which intensive radiation aiming at palliation was given in our own clinic, 
there was no definite benefit from it 

Local excision has been the usual treatment It was undertaken in 84 of 
the 104 cases that we have tabulated One of these patients had four local 
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excisions, six of them had three, and 35 had two attempts at excision The 
tumor was usually shelled out by blunt dissection Sometimes it was removed 
in fragments As with other forms of fully malignant sarcoma, any sort 
of local excision almost always fails to cure In this series of synovial sarcomas 
only one of the patients appears to have been clinically cured by local excision 
The details of this case (No 83, reported by Briggs) are as follows The 
patient was a woman, age 45> who had a smooth, soft, 6x4^4 j tumor 
on the lateral surface of the leg about the level of the head of the fibula 
It had been present for four years At operation, it was found to be well 
encapsulated and was excised Postoperative radiation was given She was 
well seven years later 

Secondary amputation for recurrence following local excision was earned 
out in 26 of this group of conseivatively treated patients None w^as cured 
Just as in other forms of malignant saicoma secondary amputation is usually 
futile, except as a palliative procedure, w^hen local excision has been tried 
and has failed 

The third type of treatment used in the cases that we have reviewed was 
excision, or exploratory dissection with an attempt at excision, followed im- 
mediately or within a short time by amputation Here the surgeon relied on 
primary amputation for cure, but he unfortunately came to this decision 
only after he had carried out a considerable dissection of the tumor, thereby 
increasing the likelihood of metastasis Cases 5, 27, 33, 56, 86, 96, and 99 
were treated m this manner Only one of these patients appears to have 
been cured, this was Coley and Pierson’s patient (Case 33 in our table, No 8 
in their series), a 12-year-old school girl who had a lemon-sized tumor of one 
year’s duration over the left knee It was explored and excised, and when 
the nature of the lesion became apparent from histologic study a course of 
radiation was administered and the leg w^as amputated She was well six 
years later 

Finally, there was a smal l group of four cases in w hich a simple biopsy 
was done, followed shortly by primary amputation when the malignant 
nature of the lesion became clear from histologir study (C ases 26, 86, 92, 
and 97 ) Althoug h the first three of these patients subsequently developed _ 
pulmonary metastases, the fourth, our own patient (Case 97), has been well 
for ei^t years Tfiis is the longest survival on record following any form Of 
treatment for synovial sarcoma 

We hope that it is more than a coincidence that the longest cure of 
synovial sarcoma has been obtained by the most radical surgical attack, for 
it is our firm belief that this is the rational therapy In a disease in which 
the results have been as bad as in this one, the surgeon must take courage 
and use the most radical therapy available This is a carefully limited biopsy 
and a high immediate amputation 

The biopsy must be done because it is impossible to diagnose synovial 
sarcoma, as well as a variety of other deep soft-part tumors, from the clinical 
picture alone Moreovei , the biopsy must be an incisional biopsy and not an 
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aspiration biopsy, for the diagnosis of these tumors rests to a considerable 
extent upon the histologic architecture of the lesion Diagnosis based upon 
cytology alone is uncertain In carrying out the incisional biopsy the dis- 
section should be as limited as possible It is our prefeience to make a 
two- or three-centimeter incision through the skin directly over the tumor 
The incision is earned down through the subcutaneous tissue and fascial 
planes until the peripheiy of the neoplasm is i cached A small wedge of the 
tumor, measuring two or tliiee millimeters m width and about one centimeter 
in length and depth, is then excised with a sharp knife After careful hemo- 
stasis the capsule of the tumor and the fascial planes and skin are closed 
in layers with interrupted silk We do not ordinarily rely upon frozen- 
section diagnosis in these cases, although we often make frozen-sections and 
study them, for we feel that the differential diagnosis of these soft-part 
sarcomas is so difficult that peimanent sections are necessary in most 
instances 

It should be emphasized that more extensive exploiatory dissection of 
the tumor, or excision of a larger part of or the whole tumor for biopsy, 
is undesirable It may gratify the operator’s cuiiosity about the attachments 
and extent of the neoplasm but it is a seiious threat to the patient’s life, for 
it IS possible that metastases may be produced by surgical dissection A very 
small biopsy is usually adequate for diagnostic purposes 

The diagnosis having been proved histologically, amputation should be 
perfoimed promptly It is important that it be done at a high enough level 
to avoid local persistence of the disease Like certain other types of soft- 
part sarcomas those developing from synovia have a tendency to extend longi- 
tudinally between fascial planes a surprising distance in the affected limb 
In order to be certain of getting proximal to them amputation should be done 
at a high level This means, for synovial sarcoma of the knee for instance, 
amputation through the upper third of the thigh, and for a lesion of the 
elbow, amputation through the upper third of the arm 

A final question in the treatment of synovial sarcoma concerns the 
regional lymph nodes We have seen no reports of dissection of the 
regional nodes Yet there have been seven instances of metastases to 
inguinal nodes and four cases in which the axillary nodes were involved 
among those which we have tabulated Possibly, more complete follow-up 
data would reveal an even highei incidence of lymph node metastasis In 
this respect, synovial sarcoma differs fiom fibiosaicoma, for the latter metas- 
tasizes to lymph nodes so raiely that the phenomenon has no significance 
in planning treatment Since regional lymph node dissection is not a haz- 
ardous operation it should be seriously considered as a separate and final 
stage in the treatment of synovial sarcoma 

SUMMART AND CONCLUSIONS 

The synovial sarcoma is a rare, highly specialized form of malignant neo- 
plasm which develops in the extiemities It is always composed of two sharply 
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contrasted tissue foims, one leproducing caricatures of synovial structures, 
the other resembling fibrosarcoma, and the two are inextricably inter- 
mingled The tumor generally develops slowly, is more commonly found 
in young adult males, and finally metastasizes usually through the blood stream 
and occasionally to the legional lymph nodes Nine new examples are sum- 
marized and are analyzed together with 95 previously reported cases Of 
this group of 104, only three aie known to be free fiom evidence of persistence 
or metastasis more than five years after tieatment This study leads to the 
conclusion that diagnosis should be established by histologic examination 
of a small fragment obtained by incisional biopsy which causes the least 
possible trauma Treatment should be radical — ^liigh amputation and pos- 
sibly regional node dissection Radiotherapy has been little used and there 
is no proof that it is effective 
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SYNOVIAL SARCOMA AND NORMAL SYNOVIAL TISSUE 

CULTD^ATED IN VITRO 

M R Murray, Ph D., Arthur Purdy Stout, M D , 

AND 

I A POGOGEFF, B A 
New York, N Y 

FROM THE SURGICAL PATHOLOGA LABOR ATORA OF THE COLLEGE OF PHYSICIANS AND SURGEONS, 
COLUMBIA UNIVERSITY, AND THE DEPARTMENT OF SURGERY PRESBYTERIAN HOSPITAL, NEW YORK, N Y 

As AN ADJUNCT to clinical and pathologic studies on sjnovial sarcoma 
conducted in this laborator}'’, an attempt has been made to evaluate the cultural 
characteristics of this neoplasm in vitio, and to compaie it with normal synovial 
tissue cultivated under similar conditions 

SYNOVIAD SARCOllLA. 

Method — ^Tissue from three of the tumors described by Haagensen and 
Stout (Cases 3, 4 and 6) was explanted in lying-drops on cover slips accord- 
ing to the Maximow method The medium used for cultivation consisted 
of chicken plasma (sometimes diluted with human plasma) human placental 
serum, extract of 9-11-day chicken embryos or of adult lat spleen in buffered 
saline, and serum ultrafiltrate (Simms and Sanders, 1942) 

The cultures were washed m the buffered saline thiee times a week, at 
which time the liquid components of the medium were renewed The explants 
were maintained in their oiiginal situation on the flying covershp as long as 
possible, in order that the organization and pattern of the outgrowth, as well 
as Its products, might be most advantageously studied But the fibrinolytic 
activity of the tumor cells made transferal necessary after one or two weeks 
An admixture of human plasma in the clot hastened liquefaction 

Explants from Case 3 were cultivated up to 28 days, from Case 4 up to 
36 days , and from Case 6 up to 53 days During this time they were fixed, 
at intervals, in 10 per cent formalin, in 2 per cent AgN03 or in Zenker’s, 
Helly’s or Bourn’s fluid They were stained with Delafield’s hematoxylin, 

) Mallory’s phosphotungstic acid hematoxylin, Weigert’s hematoxylin with 
mucicarmine, toluidme blue, fuchsin-ponceau-amlme blue, or impregnated with 
silver by McKinney’s modification of the Bielschowsky method for reticulin 
Growth Characteristics — When cultivated in vitro, each of these three 
tumors produced, in varying proportions, two main types of outgrowth — a 
flat, shelf-like, membranous or epithelioid form, and a tissue composed of 
rather flattened spindle-shaped cells 

The cells which adopted the membranous habit were broad and flat, often 
fan-shaped or spidery (Figs i and 4) with the ectoplasmic region greatly 
attenuated When a culture w^as impregnated with AgNO, these cells were 
shown sometimes to be contiguous, forming a true membrane with a mosaic 
of black cell borders (Fig 8) and sometimes to exist discretely, only over- 
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Fig 3 

Fig I — Case 4 Synovial sarcoma 28 days J» intro Fixed in Zenker’s fluid, 
stained with Harris hematoxylin Shows spidery type of synovial cell beyond the 
liquefaction line 

Fig 2 — Case 4 Synovial sarcoma 12 days »>» intro Impregnated with silver 
nitrate to show cell boundaries 

Fig 3 — Case 4 Synovial sarcoma. 19 days in intro Stained by McKinney’s 
modification of Bielschowslcy, demonstrating recticulm formation 
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lapping here and there (Fig 2) They are rather small compared to epi- 
thelial cells, and have large oval nuclei with a variable number of chromatin 
nucleoli (from two to seven) a scattering which we have found characteristic 
of mesoblastic cells m viUo Division is frequent and is by mitosis The 
nuclear and nucleolai pictuie is the same in the spindle-shaped cells of the 
second type of outgrowth Though they ate moie often discrete (Fig 9), 
they may he parallel and close togethei foiming a sheet, as in Figure 5 The 
two types of outgiowth, though often distinct, may overlap in the same culture 
It seems probable that they represent meiely two developmental potentialities 
of the same cell, a cell with capacities rather similar to those of the sei osal cell 

These tumoi cells show a fairly strong fibrinolytic activity, and in a lique- 
fied area of a culture, the edge of the explant is often ''healed over” by cells 
which creep along the surface and extend themselves over it There is a 
tendency for necrotic patches to develop in the growth and in the explant 
These appear at the edges as well as 111 the central poitions of the culture, 
seemingly without refeience to the thickness of the area in which they occur 
We have often observed this in cultures of tumors which are characterized by 
spontaneous necrosis It seems, also, to occui in the normal joint capsule, 
though piobably as a result of trauma (cf Efskind, 1941 )> m the normal 
serosa as a response to injury (Maximow, 1925) It is not uncommon to 
find migrant or “metastatic” nodules at varying distances fiom the explant 
Sometimes these are seen still connected with the explant by one or two cells 
pulled thin in the form of a stalk 

Reticulm is formed in mtro around cells of both types — membranous and 
spindle-shaped In the former the fibers are exceptionally fine (Fig 3) 
Conceivably, this fineness may account for the fact that they are not observed 
between the cuboidal and columnar cells which enter into epithelial formations 
in the sections of the tumor Reticulm formation in these cultures is rather 
slow as compared to that by normal fibroblasts 

Both early and late in the course of cultivation, and in both types of cells, 
moderately refractive vacuoles may appear (Fig 9) These become lavender 
when Nile blue sulfate is applied supravitally They do not stain with muci- 
carmine or with toluidine blue Sometimes small cavities lined with cuboidal 
cells are formed near the border of the explant, containing a fluid similar 
to the lavender vacuoles 

The presence of many wandering cells characterized these cultures These 
generally fell into the classifications of lymphocytes and macrophages The 
latter were still present in fair numbers after 24 days tn vitro They often 
contained material which stained red with mucicarmine, though the tumor 
cells present in the same cultures did not 

As the culture period advanced, cells which could not be distinguished 
from fibroblasts appeared, and in some cultures came to form the major part 
of the outgrowth The origin of these cells is obscure It cannot be said 
with certainty whether they represent a further modification of the second 
type of tumor cell, or whether they are the descendants of cells originally 
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Fig 7 Fig 8 Fig 9 

Fig 4 — Case 4 S>novial sarcoma 28 days »n zifro Epithelioid and spidery tjpe 
of outgrowth Fixed in Zenker s fluid stained with Harris hemato'cjlin 

Fig 5 — Case 6 Synovial sarcoma 10 days tn zntro Flat spindle cell type of 
outgrowth, note wandering cells Fixed in Bourn’s fluid, stained with acid fuchsin 
ponceau, aniline blue 

Fig 6 — Synovial cells from knee joint of normal adult rat 15 days tn vitro 
Impregnated with silver nitrate to show cell borders 

Fig 7 — Spidery type of svnovial cell from knee joint of normal adult rat 24 
dajs tn vitro Bourn’s fluid, acid fuchsin, ponceau 

Fig 8 — Case 3 Synovial sarcoma 18 days tn vitro Impregnated with silver 
nitrate to show cell boundaries 

Fig 9 — Case 6 Synovial sarcoma 8 dajs tn vitro Spindle cells containing 
vacuoles which do not stain with mucicarmine Zenker s fixative, Weigert s hematoxylin, 
mucicarmine 
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present in the invaded tissue or associated with the blood supply of the 
tumor In Case 6, however, where there was a good deal of granulation tissue 
present in the portion of the tumor obtained for study, the later growth of 
fibroblasts was greatest In Case 4, fibroblasts did not appear in the outgrowth 
except m one slide the cells were almost entirely ot the'hrst, or membrane- 
forming type Yet the portion of the tumor adjacent to that from which the 
explants were made contained almost entirely the interlacing spindle-shaped 
type of cell, m histologic preparations 

NORMAL SYNOVIAL TISSUE FROM KNEE JOINT OF ADULT RAT 

The normal tissue was grown by the same method as the tumors The 
medium also was the same as used in the neoplastic cultures except for the 
addition of rat plasma or rat serum 

The growth from the synovial lining of the adult rat knee joint, the 
patellar and fat pad regions, is of a specific nature The synovial cell proper 
appears to be a relatively small one, capable of assuming diverse and transi- 
tional forms varying from spindle to spidery to epithelioid It has a distinct 
round nucleus which may at times be elongate, depending on the form of 
cell, with one to four nucleoli (occasionally a cell with five or six is seen) 
The cytoplasm is somewhat finely granular, although m the early days of 
culture, large refractive granules can be seen and are rather abundant m 
cultures where the explant contains fat As the culture grows older vacuoles 
may appear within the cytoplasm 

The growth pattern is one of membranes, chains, and wandering cells 
The cells of the membrane can be spindle-shaped, spidery or epithelioid, with 
transitional forms of each (Figs 10, 7 and Ii) The spindle-shaped cells may 
at times be somewhat like fibroblasts Among the spidery types one may 
see cells which have a long basal process The chains, likewise, may be 
composed of spindle-shaped cells or rounded ones which may have processes 
The chains of rounded cells present a bead-like appearance These chains 
may branch sidewise, and may broaden by multiplication to produce little 
islands of tissue along their length (Fig 12) Some of the cells are able 
to migrate well into the region beyond the general outgrowth The wandering 
cells behave rather like macrophages, existing m rounded-up or spread-out 
forms 

Mitosis IS found among the cells of the membranes and chains and probably 
also may take place among the wandering cells Amitosis probably occurs 
Occasional flattened cells are seen which have two to four nuclei The cells 
produce a moderate amount of liquefaction The fibrinolysis is slow compared 
to that of epithelial growths 

Lithium carmine, added to the washing saline, showed that some of the 
cells were capable of phagocytic function, the dye particles being taken up 
not only by the wandering macrophage-like forms but also as fine granules 
by epithelioid, spindle and spidery types 

On the basis of this, and, also, because one can see cells which seem to be 
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Fig 10 Fig ii 



Fig 12 

Synovial Cell From Knee Joint of Adult Rat 
Fig 10 — Spindle cells outgrowth at s days Helly’s fluid, Harris’ hematoxjlin 
Fig it — Portion of a membranous outgrowth, showing intermediate epithelial 
and spidery forms 13 days tn Vitro Zenker’s fluid, Harris’ hematoxylin 

Fig 12 — Growth in chains with island formation “I” Background of epithelioid 
cells IS days in vitro Zenker’s fluid, Harris’ hematoxylin 
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transitional, le, have a typical synovial nucleus and yet appear ameboid, 
one is led to believe that the synovial cells can assume a macrophage-like form 

Supravital staining with neutral red showed granules which were reddened 
by this dye in all the cell types In the macrophage-like cells the staining 
was brilliant In the other cells the granules were rather fine and usually 
clumped to one side of the nucleus, but at times were arranged perinuclearly 
as well As the age of the culture increased, these granules seemed to become 
more numerous in the cells Some of the later appearing vacuoles also were 
stained by this dye 

Nile blue sulfate also was used supravitally, and showed bright blue 
granules of varying size, generally rather large and few in number, scattered 
throughout the cytoplasm in all the cells 

The cultures were fixed and stained routinely as described for the tumor 
preparations Staining with AgNO^ revealed borders similar to those found 
in the tumor cultures (Fig 6) The McKinney modification of the Biel- 
schowsky method used as m tumor cultures failed to demonstrate reticulin 
The use of mucicarmine stain gave negative results 

Discussion — Since this paper and the foregoing one (Haagensen and 
Stout) are concerned primarily with the synovial sarcoma in various of 
its aspects as a neoplasm, it does not seem suitable to discuss at length here 
the disputed problem of the nature and relationships of the normal synovial 
cell For this the reader may be referred to Petersen’s contribution on the 
joints, in von Mollendorff’s Handbuch der mikroskopschen Anatomic des 
Menschen, 1930 (Die Gewebe II, pp 648-680), and to a more recent sum- 
mary by L Efskind (1941) 

Judging from the histologic sections of these tumors, we are dealing with a 
neoplasm in which two morphologically distinct cell types coexist and display 
cancerous properties This condition is most nearly paralleled by the meso- 
thelioma, m which, also, two elements, of epithelial and fibrous habit, are 
the rule (Stout and Murray, 1942) 

In the tissue cultures of the synovial sarcomas two cell types and growth 
habits prevail, though the distinction between the^e is much less sharp than 
It appears m vivo From observation of the cuUures, one is inclined to con- 
clude that the distinction is not a generic one but that the same cell may 
potentially assume either form Bearing on this point is the discrepancy 
between the sections of the tumor in Case 4, and its outgrowth tn vitro 
the sections showed mainly fibrous tissue, and the cultures almost entirely an 
epithelioid type of outgrowth This same situation was encountered in a 
mesothelioma previously studied (Stout and Murray, 1942), in which the 
sections were entirely fibrous (resembling a fibrosarcoma) and the outgrowth 
entirely membranous 

The cultures of normal rat synovium showed the synovial cells to be 
capable of considerable polymorphism In general, the human tumor cultures 
parallel those from the normal rat knee joint as regards form and behavior, 
though m the latter more diversity of form and more extremely distinctive 
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cell types are encountered The characteristic “spidery” form of the synovial 
cell IS frequently reproduced by the tumoi cultures Oui normal study con- 
firms the view of Vaubel (1933), that the synovial cell is a specific type of cell, 
distinct from the fibroblast, and our cultures from the rat’s knee reproduce 
to a considerable degree the forms depicted by him from cultures of synovial 
cells from the fat-pad of the rabbit’s knee Vaubel regards the synovial 
cell as most nearly resembling the serosal cell, though being distinct from it 
In our study, this appears to be a particularly apt comparison where the 
tumors arising from these two tissues are concerned 

The fibrosarcomatous component of the synovioma is difficult to leconcile 
with a view such as Efskind’s (1941), derived from the study of stretch 
preparations of normal and regenerating synovial membranes of the rabbit’s 
knee He states that the cells of the synovial membrane have no capacity for 
the formation of fibroblasts, and there aie no fibers found among synovial 
cells We are inclined to believe that such cells as we see in our cultures 
exhibiting the typical characteristics of fibi oblasts are not synovial cells, but 
have some other origin Yet, in the tumor cultures, the membranous type of 
synovial cell can certainly form reticuhn fibers , and the nonepithehal portions 
of the tumor sections are richly supplied with reticuhn One is reminded of 
the work of Maximow (1927), and of Schopper (1932), on the serous 
membranes Normal mesothehal cells did not form connective tissue in viUo, 
but under conditions of inflammation, and of irritation of the peritoneum by 
kieselguhi, these cells took on the form and characteristics of typical fibroblasts 
It may be that in the neoplasm some compaiable physiologic state exists 

The continued presence of wandering cells m the tumor cultuies after as 
much as a month in vitro is of interest, especially since the normal synovial 
cells in vitro may assume a macrophage-like foim It has been noted that we 
were not able to produced positive results in vitro with the mucicarmine stain 
except in the wandering cells of the tumor cultures Nor did we obtain 
metachromatic staining with toluidine blue The significance of these nega- 
tive findings IS doubtful, since the technics (especially tliat of metachromatic 
staining) are capricious in vitio (cf Davies, 1943) 

SUMMARY AND CONCLUSIONS 

1 Material from three human synovial sarcomas has been cultivated 
in vitro, and its characteristics compared with similarly tieated normal synovial 
tissue from the knee joint of the adult rat 

2 In general, the human tumor cultures parallel those fiom the noiinal 
rat knee joint as regards form and behavior, though the normal cultuies 
exhibit more diversity of form and more distinctive cell types 

3 The normal synovial cell appears to be a specific cell type distinct fiom 
other epithelium and from the fibroblast 

4 The synovial sarcoma appears to be a distinct type of neoplasm ex- 
hibiting certain similarities to the mesothelioma 
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During the past ten years, there have been only rare reports appearing 
m the medical literature of physiologic observations made upon human subjects 
with external pancreatic fistula The fundamental 

information concerning pancreatic function has been derived from the ex- 
perimental laboratory animal, whereby, with painstaking care, the fundamentals 
of pancreatic secretion have been investigated Rarely has the clin- 

ician been given the opportunity to correlate the physiologic observations made 
upon the human with the results obtained from the experimental animal The 
recent advances made in the operative attack upon lesions of the pancreas make 
it imperative that the surgeon lie more conversant with the physiology of that 
organ, for interference with the normal flow of the external secretion will 
result m profound alterations in total metabolism 

Except for occasional instances, studies made on the human of pan- 
creatic flow and the various constituents of the external secretion have of 
necessity been done by iptubation of the duodenum Therefore, it was a 
privilege to have at our disposal thiee individuals each of whom had an 
external pancreatic fistula 

This offered us a rare opportunity to make observations on the influence 
of such persistent fistulae upon the patients, particularly with reference to 
the many alterations induced 

1 General nutritional state of the patient 

2 Total pancreatic flow in 24 hours 

3 Pattern of flow in 24-hour period 

4 Plasma electrolyte pattern 

5 Plasma protein 

6 Influence of water intake on pancreatic flow 

7 Observations on volume flow alterations induced by the adminis- 
tration of various substances into the duodenum 

8 The effect of intravenous fluids upon pancreatic secretion 

9 Obseiwations on volume flow alterations induced by the adminis- 
trations of drugs subcutaneously 

These observations, as reported in the statistical study presented in this 
paper, are concerned with the most productive of these fistulae, but our con- 
clusions are drawn from a survey of the three patients, all of whom reacted 
similarly 
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It IS well at this time to present the noimal values of the individual con- 
stituents of pancreatic juice We consider these normal values, as they were 
derived from a study of the three individuals previously mentioned who were 
in widely different states of metabolic balance as far as clinical and laboratory 
observations were concerned However, careful analysis of their pancreatic 
secretions revealed little dissimilarity in composition, and correlated with 
the isolated reports of the structure of pancreatic secretion appearing in the 
literature We feel that these observations and facts are of value, particularly 
to the surgeon, as they are based upon the study of human secretions, and 
that emphasis should be put upon their study by the reader, as they have 
been but rarely called to attention in the past (Table I) Similar studies have 
been conducted by Krogut, Matzner and Sobel 

Table I 

ANALYSIS OF PANCREATIC FLUID 

Sodium 
Calcium 
Chloride 
Bicarbonate 
Total protein 
Albumin 
Globulin 

Nonprotein nitrogen 
Urea nitrogen 
Unc acid 
Nucleoproteins 
Proteose 
Cholesterol 
Sugar 
Sulphates 

The physical characteristics of pancreatic secietion in the human have 
been previously recorded It is a clear, opalescent fluid, alkaline in reaction, 
with a ranging from 7 5 to 8 o In addition to the various salts, three 
chief enzymes are present These aie lipase, amvlase and trypsmogen The 
secretion of pancreatic juice is known to be under both hormonal and nervous 
control The chief effect of secretin is to cause the production of water and 
inorganic salts Vagal stimulation results in the secretion of pancreatic 
juice, but the amount is much less than that produced by secretin The vagal 
secretion is thick, scanty, and rich in ferments The two stimulants are 
normally effective simultaneously, and the ferments are washed from the 
alveoli by the tide of alkaline secretin juice 

A brief resume of the experiences of the three patients is presented to 
allow the reader an introduction to the type of material used in this study 

Case I — ^Age 24, developed a pancreatic cyst subsequent to abdominal injury m 
an automobile accident Marsupialization of the cyst was accomplished surgically, and a 
fistula resulted, producing 500 cc of pancreatic secretion in 24 hours 

Flow of pancreatic juice was irregular in quantity and gradually decreased until 
spontaneous closure occurred about two months after submission to our care 

No significant changes in blood chemistry were found during the latter part ef 
ts hospital course except an elevation of plasma chlorides to an approximately normal 
value of loi 2 mEq per liter 


138 mEq /L 
2 2-3 2 mEq /L 
60-80 mEq /L 
60-75 mEq /L 
190-340 mg percent 
60 mg per cent 
40 mg per cent 
14 3 mg per cent 
S mg per cent 
0 2 mg per cent 


Not present 
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Case 2 — Age 26 This individual had four episodes of abdominal cramps, nausea 
and vomiting A diagnosis of some acute intra-abdominal pathology was made and an 
incision and drainage of an abscess involving the pancreas and lesser sac was done Drain- 
age of pancreatic fluid of approximately 100 cc was noted shortly after operation and 
persisted until admission to our care 

Table III presents an essentially normal pattern The details of the closure of this 
fistula are reported elsewhere 

Case 3 — Age 25 This patient sustained a gunshot wound of the upper abdomen, 
one of the sequelae of which was an external pancreatic fistula This persisted in spite 
of attempted surgical repair elsewhere, and at the time of admission to our care was 
productive of large quantities of pancreatic fluid 

Table IV is a presentation of the marked changes in blood constituents found in 
this individual The apparently normal values of some of these constituents will be 
shown to be misrepresentations, as will be explained subsequently 


Table II 


BLOOD STUDY OF CASE 1 AT THE 

R B C 
W B C 
Hb 

Hematocrit 
Sed rate 
N P N 
Serum protein 
Serum albumin 
Serum globulin 
Chlonde 

Carbon dioxide combining power 
Prothrombin time 


TIME OF RECEPTION IN HOSPITAL 

S,080 000 per cu mm 
12 300 per cu mm 
90 0 per cent 
46 8 per cent 
0 60 mm /mm 
24 8 mg per cent 
6 97 gm per cent 
4 so gm per cent 
2 47 gm percent 
96 0 mEq /L 
30 9 mEq /L 
26 0 secs 


Table III 


BLOOD STUDY OF CASE 2 AT THE TIME OF RECEPTION IN HOSPITAL 


R B C 
W B C 
Hb 

Hematocrit 
Sed rate 
N P N 
Serum protein 
Sodium 
Chloride 

Carbon dioxide combining power 


4 280 000 per cu mm 
6 200 per cu mm 
12 4 gm per cent 
38 8 per cent 
0 6 mm /mm 
28 9 mg per cent 
6 85 gm per cent 
140 6 mEq /L 
103 0 mEq /L 
312 mEq /L 


Table IV 


BLOOD STUDY OF CASE 3 AT THE TIME OF RECEPTION IN HOSPITAL 


R B C 
W B c 

Hematocrit 
Sed rate 
N P N 
Serum protein 
Serum albumin 
Serum globulin 
Sodium 
Chlonde 

Carbon dioxide combining power 


5,080 000 per cu mm 
12,200 per cu mm 
44 per cent 
1 88 mm /mm 
40 0 mg per cent 
7 96 gm per cent 
4 92 gm per cent 
3 04 gm per cent 
113 3 mEq /L 
91 2 mEq /L 
16 3 mEq /L 
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GENERAL NUTRITIONAL STATE OF THE PATIENT 

The general nutritional state of these individuals is directly proportional 
to the severity of the fistula The first patient had experienced lather marked 
weight loss vhich at the time he came under our caie he had partially regained 
Gradual diminution in flow of the fistula was accompanied by increased appetite 
and gradual iiiciease in weight By the time closure of the fistula occurred, 
normal weight had been restored 

This parallelism in weight and panel eatic secretion loss is demonstrated 
in the fact that the second of these individuals, who was losing the least 
amount of secretion, presented the least alteration of body substance 

The loss of large amounts of pancreatic secretion m the third individual 
produced a profound alteration in physical appeal ance, with maiked reduction 
m weight, and was associated with a symptom complex not unlike that 
demonstrated in Addison’s disease 

Inasmuch, as the metabolic and physiologic changes evidenced in the first 
two patients were minimal, we will confine ourselves to reports concerning 
the reactions of Case 3 

TOTAL PANCREATIC FLOW IN 24 HOURS 

The total quantity of pancreatic juice excreted in 24 hours was the first 
problem to attract our attention Estimates of other investigators have 
placed the daily amount of pancreatic flow into the duodenum in a range 
varying from 500 to 1500 cc , with the usual figure for man being accepted as 
700 cc In 27 investigations of external panci eatic fistula reviewed by 
McCaughan, Sinner and Sullivan,^® the least amount of pancreatic juice se- 
creted from an external fistula was 30-40 cc per day and the largest 1384 cc 
Our individual produced through an external fistula amounts ranging as great 
as 1770 cc per day It should be stated that intestinal digestion in this patient 
was not disturbed, and that stools were normal m appearance and fat content 
Therefore, the fistula was not total in nature, and the justifiable assumption 
was made that enough pancreatic secretion to provide for intestinal needs 
was being delivered into the duodenum This might bring the total quantity 
of daily secretion to 2400 cc a day, or perhaps more, if the usual accepted 
quantity of 700 cc necessary for digestion is added to the_ amount lost 
externally by this individual This last figure, which is about four times the 
value previously accepted as normal for total volume secretion in 24 hours, 
IS great enough that the physiologic aspects of pancreatic secretory volume 
must be reevaluated 

PATTERN OF^FLOW OF PANCREATIC SECRETION 1n]^24-HOUR PERIOD 

Chart I does not represent the consolidated pattern of flow of pancreatic 
secretion for all of the days the patient was under observation but is a 
representative day in w^hich the patient was on a high caloric diet, ingesting 
supplemental liquids as his appetite dictated without supervision or sug- 
gestion on the part of the hospital staff 
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It will be observed from studying Chart i that the volume flow during 
the daytime was greater than night, and postprandial secretion showed a 
decided increase 

Fever has been repoited as being a cause of diminution of flow It 
was our observation that fever in itself was not the cause of diminution 
of flow but a symptomatic manifestation of obstruction of the fistula This 
phenomenon was repeatedly seen 



PLASMA ELECTROLYTE PATTERN 

The results of seveie continued loss of pancreatic fluid containing large 
amounts of electrolytes produce changes in plasma electrolyte pattern, as 
presented m Chart 2 

Sodium 

The marked loss of sodium ion from the body through the external pan- 
creatic fistula had lowered the concentration of this ion in the blood plasma 
from a normal of 142 mEq/L to 1133 mEq/L 
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I'lG I — Manifestations of sodium ion loss 


A careiul study of the observations made 
upon our patient has led us directly into the 
consideiation of the symptom complex asso- 
ciated with the reduction of the sodium ion in 


July 26 n't? 


Chart 2 — Case 3 Blood elec 
trolytes of Case 3 compared to 
normal (The normal is taken 
from the work of Gamble^”) 

The values for K , Mg and 
organic acids in our chart are 
assumed 


the circulating blood plasma These symp- 
Nornml July 26 nv? manifested by our patient are Leth- 

al gy , mental torpitude , anorexia , nausea , 

Chart 2 -Case 3 Blood elec fatique upon slight exertion , and marked de- 

trolytes of Case 3 compared to liirrli-o+ir^n 
normal (The normal is taken Ordtion 

^’'°Thl'' va'iuJs^ fm and ^ Study of the allied blood findings asso- 

assumed ciated With sodium deficiency in the circulating 

blood plasma in this individual reveals great 
similarity to the state manifest in experimental sodium chloride deprivation in 
the human, Addison’s disease, and in the adrenalectomized animal 

McCance^” produced sodium deficiency in experiments upon the human 
and found that the following changes in the blood occurred There was a 
rise in erythrocyte count, hemoglobin, red blood cell volume and plasma 
protein concentration These alterations occurred coincidental with a marked 
decrease in the sodium ion concentration in the blood plasma These were 
interpreted to represent the manifestations of a loss of extracellular fluid 
The symptomatic manifestations of this deprivation were expressed in a drop 
in circulating fluid, the sense of loss of taste, anorexia, nausea, fatigue and 
a marked sense of exhaustion, with dulling of the mental faculties 

Addison’s disease is associated with a marked reduction of sodium ion m 
the circulating medium This loss of sodium, and secondary loss of water, 
occurs through the kidneys and may be sufficient to produce profound 
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alterations in extracellular fluid distribution, as evidenced by low blood 
volume, high hemoglobin concentration and elevated serum protein values 
The importance of sodium loss in adrenalectomized animals was first 
pointed out by Loeb, and his associates Many of the characteristic changes 
in certain aspects of metabolism, circulation and blood concentration, found 
by these investigators, were also noted in the individual under study 

It IS our feeling that the effects of the loss of sodium are fundamentally 
the same whether it be experimentally through the skin, through the kidneys, 
as the result of removal of the adrenals, or as in our patient, by loss through 
an external pancreatic fistula 

The fact that these effects were due to a loss of sodium in our individual 
was proven by a reversal of the changes enumerated above when the sodium 
deficiency was compltely corrected 

Calcium 

We believe that we have encountered a phase of calcium metabolism which 
has not received the attention it deserves It is geneially recognized that 
calcium IS absorbed in the upper intestinal tract and that it is excreted in 
the urine^’' and the feces It is the opinion of some observers that fecal 
calcium IS calcium which has never been absorbed fioin the intestinal tract 
However, it is the feeling among others that calcium is absorbed in the 
upper intestinal tract and later excreted through the large bowel ® Animals on 
a calcium-free diet will excrete calcium into the intestinal tract ® This 
calcium comes from the extracellular fluid and has previously been liberated 
from bone, as indicated by osteoporosis 

We have, as have other investigators, found that calcium is excreted 
m pancreatic juice draining from an external fistula At one time 2 2 mg 
per cent and another 3 24 mg per cent were found in the pancreatic secretion 
Ordinarily fHiTwouId “be discharged into the duodenum This fact would 
indicate that a cycle of calcium conservation is present in which the lonizable 
calcium in the extracellular fluid is discharged into the upper intestinal 
tract m the pancreatic secretion This, as previously indicated, is in the 
secretin fraction of pancreatic secretion A fraction of the calcium dis- 
charged into the upper intestinal tract in the panel eatic secretion may be 
absorbed, the remainder may pass out in the feces 

This calcium exists as lonizable calcium as distinguished from calcium 
which IS nonionizable or pi otein-bound The former is fiee to diffuse from 
the blood plasma into the other extracellular fluids The calcium content 
of the latter is of necessity lower than that in blood plasma as protein-bound 
calcium cannot pass across the cell membrane 

The total blood calcium of this individual on one occasion was 8 6 mg 
per cent, and the calcium determination made on a pooled specimen of pan- 
creatic fluid was 3 24 mg per cent It is generally recognized that 55 per cent 
of calcium in plasma is in diffusible foim ® Evaluation of the figures obtained 
of the observatfons in this individual reveals that a process of filtration may 
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be occurring, inasmuch as the value of 3 24 mg per cent diffusible calcium 
found in the pancreatic secretion approaches the calculated value of 4 73 mg 
per cent of diffusible calcium for this individual 

CJilonde and Bicarbonate 

A marked decrease m plasma chloride had occurred, as evidenced m 
Chart 2, Avith a fall from 103 mEq /L to 91 2 mEq /L as a result of the 
continued loss of 60-70 mEq /L in the pancreatic secretion This loss of 
chlonde did not directly parallel the loss of sodium because of the large 
amounts of bicarbonate lost m pancreatic secretion 

Pancreatic secretion has an alkaline pn ranging from 7 5 to 8 This is 
thought to be due to the high concentration of bicarbonate found m the secre- 
tion, the figure for bicarbonate being 60-90 mEq /L whereas, m the blood 
it exists in a normal concentration of approximately 27 mEq /L Our patient, 
however, had a blood concentration of bicarbonate of 16 3 mEq /L 

This IS a manifestation of the continued dram on tissue reserves of 
chloride and bicarbonate which were being continually lost from the body 
by the disturbed mechanism of chloride and bicarbonate conservation which 
normally exists through reabsorption of pancreatic secretion from the bowel 
We had expected that the appearance of chloride and bicarbonate m the 
pancreatic secretion would be m approximately the same ratio m which 
they appeared in the blood plasma The fact that this parallelism did not 
exist was surprising to us We observed that the sum of the mEq/L of 
chloride and bicarbonate closely approximated that of sodium, with preserva- 
tion of ionic balance across the membrane This fact is a manifestation of 
the preservation and economy of chloride ion retention m the blood plasma 
It has been seen that the concentration of bicarbonate m the pancreatic 
secretion is approximately four to five times that m which it exists m the 
blood plasma An explanation of this unexpectedly high value for bicarbonate 
concentration m the pancreatic secretion has been presented by Komarov, 
Langstroth and McRae, who state that the increase in bicarbonate ion 
concentration in pancreatic juice observed with increasing activity of the 
gland IS due to the increased rate at which carbon dioxide is formed as a 
metabolic product within the gland On this basis, a part of the bicarbonate 
ion has its immediate origin within the secretory cells These observers, 
likewise, noted that the increase in bicarbonate ion was accompanied by a 
decrease m chloride ion concentration to such an extent that the sum of 
both m mEq /L remained relatively constant 

The following is suggested as an explanation of this phenomenon by the 
above mentioned authors “A difference m net ionic charge on two sides of a 
membrane results m an electrical potential difference across it This poten- 
tial difference facilitates the passage into the cell of 10ns of one sign, but 
hinders that of 10ns of the other An increased rate of formation of anions 
(HCO3) within a cell, due to increased metabolism, results m a change 
m the potential difference favoring more rapid passage of cations (Na-K-Ca) 
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but retarding the passage of anions (Cl and HCOO from the blood stream or 
tissue fluids Since the cations already pass easily through the membrane 
at the maximum rate (the concentrations in the secretion are comparable with 
those in the serum), the principal effect is a retarding of the passage of 
anions, and so appears a decrease m the Cl concentration of the secretion ” 
Further support to this theory is given by the observation in our series 
that where glandular activity increased carbon dioxide combining power of 
the secretion increased and chloride concentiation diminished (Table V) 
We also observed the converse of this phenomenon (Table VI) 


Table V 

DETERMINATIONS ON PANCREATIC SECRETION FOLLOWING INTRAVENOUS ADMINISTRATION 
OF 5 PER CENT GLUCOSE IN PHYSIOLOGIC SALINE* 

Carbon Dioxide 



Combining Power 

Chloride 

pH 

Control 

54 6 

78 

7 5 

After 1000 cc 

80 8 

51 

8 0 

After 2000 cc 

80 8 

51 

8 0 


♦The above figures are mEq /L for pancreatic secretion 

Table VI 

DETERMINATIONS ON PANCREATIC SECRETION FOLLOWING HYPODERMIC ADMINISTRATION 

OF VARIOUS DRUGS* 



Carbon Dioxide 
Combining Power 

Chloride 

Control 

54 6 

78 

Ephednne 

57 3 

67 

Pilocarpine 

34 P 

67 

Atropine 

27 2 

51 


* All the above values are expressed in mEq /L for pancreatic secretion showing alteration in crystalloids 
omposition following subcutaneous injection of the indicated drugs 

‘ PLASMA PROTEIN 

The maintenance of a normal body fluid volume is dependent upon the 
presence of adequate amounts of fluid, electrolytes and protein Alteration 
in any or all of these constituents produces profound changes 

Pancreatic fluid containing water, electrolyte and protein, was lost through 
the external fistula In addition, the proteins necessary to retain fluid in 
the circulating blood volume were depleted from lack of protein ingestion 
and by the presence of infection 

With the shrinkage of effective blood volume, there is a false lelative rise 
in the concentration of plasma protein, though the actual total amount of cir- 
culating protein is much below the calculated normal for that individual 
This phenomenon has been commented upon previously by Gamble 

The initial studies of protein, hematocrit, and erythrocyte count in this 
individual were 7 96 Gm per cent, 44 per cent, and 5,080,000 per cu mm , 
respectively How normal these figures appear, except for a slight elevation 
in protein concentration Mere observation of the individual told one that 
these carefully made laboratory determinations did not present an accurate 
picture of the metabolic state He was emaciated and dehydrated , his entire 
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action impressed one with the fact that here was an individual whose bodily 
stores were depleted to the breaking point, and who, in paradoxical fashion, 
presented a normal blood picture for these constituents He was m vibrant 
health in the laboiatory, but practically dead on the ward 

It IS unfortunate that the means for determination of total extracellular 
fluid and blood volume were not at our disposal It is in a case such as this 
that determinations of extracellular fluid and blood volume are of inestimable 
value A correct lead vould have immediately been presented from their 
study Additional information can be obtained from the determination of 
the concentration of other blood constituents such as sodium, chloride, and 
bicarbonate We feel that information concerning the concentration of the 
latter three constituents offer a more accuiate picture of the true physiologic 
state m the dehy dialed individual than the more usually employed procedures 
of protein determination, hematocrit, and erythrocyte count Where total 
fluid determinations can be obtained, they should invariably be made 

With clinical improvement of the individual, it was noted that the con- 
centration of protein, the hematocrit, and the erythrocyte count became lower 
This was an expression of the fact that the circulating blood volume was 
gradually increasing and dilution of these elements was present It was 
only when the individual was able to move into a positive phase of protein 
and erythrocyte production and when the blood volume had approached 
normal, that a true rise in concentration of these constituents was found This 
phenomenon is mirrored by the fact that the concentration of the various 
electrolytes — sodium, chloride, and bicarbonate — rose in parallel fashion to 
normal level 

In the preceding paragraphs, we have recorded the physical appearance 
of this individual upon reception at the hospital, and explained the factors 
concerned in the production of the clinical syndrome manifesting itself as 
“Addison’s disease” without adrenal pathology associated with the marked 
sodium ion loss present m the most productive external pancreatic fistula 
recorded We have, in addition to this, outlined the factors involved m 
the alteration of the general electrolyte pattern and plasma protein values 
of this patient Failure to correct these marked changes in fluid balance, 
electrolyte concentration and plasma protein values would have been lethal 
Restitution of sodium ion associated with the administration of substances 
to maintain the ion in the circulating fluid volume, which must also be made 
adequate, will bring the individual to a metabolic normal Physiologic saline, 
citrated whole blood and blood plasma, combined with a diet complete m 
vanous details will restore such an individual to a metabolic balance Adequate 
amounts of the various vitamins, iron and calcium are indicated The admin- 
istration of a solution of sodium bicarbonate is unnecessary as bicarbonate 
ion IS provided in satisfactory quantity as a by-product of the respiratory 
processes As a matter of record, this unusually large fistula closed spon- 
taneously upon restoration of the individual to a normal metabolic state 
with particular reference to water balance, electrolyte pattern and plasma 
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protein concentration Restoration of all three factors must be coordinated 
as It is impossible to individually correct one and achieve success 

OBSEHVATIONS ON VOLUME FLOW ALTERATIONS INDUCED BY THE 
ADMINISTRATION OF VARIOUS SUBSTANCES INTO THE DUODENUM 

During the period in which the patient was being restored to a normal 
metabolic state, a series of experimental studies were made The first of 
these series of observations were conducted with a gastric and duodenal 
tube m place Constant negative water suction was maintained on the 
gastric tube to prevent discharge of gastric contents into the duodenum 

Table VII 

determination on pancreatic secretion* 



Carbon Dioxide 
Combining Power 

Chloride 

Control 

60 76 

66 2 

225 cc warm water 

39 82 

67 

225 cc chicken broth 

58 S8 

71 S 

2 cc 10 per cent HCL in 100 cc water 

73 33 

60 S 

SO cc 10 per cent NaHCOa 

S8 71 

62 S 

SO cc olive oil 

S7 3 

79 7 

SO cc SO per cent glucose 

30 33 

S7 


* All the above values are expressed m mEq /L for pancreatic secretion showing alterations in crystalloid 
composition following administration of substances indicated through a duodenal tube 

Water 

Two hundred twenty-five cubic centimeters of warm water was introduced 
into the duodenum through a duodenal tube Regurgitation of water into 
the stomach did not occur, as fluid could not be aspirated through the 
gastric tube A fall m the amount of pancreatic fluid from 12 4 cc to 7 i cc 
and 74 cc in successive 15-minute periods was observed The acid 
gastric material was prevented from reaching the duodenum or was reach- 
ing it in extremely small quantity because of the constant suction supplied 
through the gastric tube It is assumed that the duodenal contents 
were less acid due to dilution and that less stimulation to pancreatic secretion 
Via the prosecretin mechanism resulted (Chart 3) 

Hydrochloric Acid 

It is well recognized that the introduction of acid gastric chyme into the 
duodenum will stimulate the flow of pancreatic juice through the pancreatic 
prosecretin-secretin mechanism Therefore, we were not surprised that the 
deposition of hydrochloric acid directly into the duodenum produced an 
increase in the amount of pancreatic juice secreted Thirty minims of 10 
per cent hydrochloric acid in 100 cc of warm water were introduced directly 
into the duodenum through a tube The flow of pancreatic juice which had 
dropped to a low of o 2 cc in 15 minutes during the course of a series of 
experiments rose rapidly to 18 6 cc , and subsequently 16 4 cc during the next 
15-minute period This series of events substantiated the fact that pancreatic 
flow IS stimulated by the presence of acid in the duodenum in the human as it 
is in animals These observations confirm those made by McCaughan,, Sinner 
and Sulhvan,^'^ in 1938 (Chart 3) 
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Sodium Btcarbonaie 

The counteipait of the administration of hydrochloric acid into the duo- 
denum was undertaken by introducing 50 cc of a 10 per cent solution of sodium 
bicarbonate thiough the duodenal tube An immediate fall in secretion from 
10 6 cc to 6 I cc and 2 4 cc was noted m successive 15-minute periods The 
use in pn of the duodenal content leflected lessening of acid stimulus to se- 
cretion, caused drop in output (Chait 3) 



ChtcTcen Broth 

Two hundred twenty-five cubic centimeters of chicken bioth were intro- 
duced through the duodenal tube The secretion rose from 4 6 cc to 7 8 cc , and 
then dropped, in successive 15-minute periods, to i 7 cc , i 7 cc and o 2 cc A 
moderate increase in flow resulted initially It is known that meat extracts and 
protein derivatives m chyme exert a secretagogue effect The stimulus pro- 
vided an increase in pancreatic flow which was short-lived (Chart 3) 
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Magnesium Sulphate 
(Saturated Solution) 

Fifty cubic centimeters of a saturated solution of magnesium sulphate 
was introduced into the duodenum through a duodenal tube This was 
followed by a reduction of flow from 3 02 cc in a 15-minute interval to i 8 cc 
of pancreatic secretion 

Olive Oil 

Fifty cubic centimeters of olive oil Avas introduced into the duodenum 
through a duodenal tube This was followed by a slight drop in external 
pancreatic secretion from 3 4 cc in a 15-mmute period to 2 4 cc in a 15- 
minute period, without appreciable alteration in the determinations of chloride 
and bicarbonate contents m the secreted material 

These findings were contrary to those reported by McCaughan, Sinner and 
Sullivan,^® in 1938, and by Comfort, Osterberg and Priestly,® in 1943 

Our conclusion from these results was that the introduction of olive oil 
into the duodenum produced no significant change either in the amount of 
pancreatic secretion or in the constituent electrolytes of the secretion (Chart 3) 

Glucose 

Fifty cubic centimeters of a 30 per cent solution of glucose was introduced 
into the duodenum through a duodenal tube This was followed by a drop 
from 2 4 cc in a 15-minute interval to i 2 cc of pancreatic secretion (Chart 3) 

The second series of obseivations concerned themselves with the variations 
in flow through the fistula as a result of the 01 al adimmstration of various 
substances (Chart 4) 

Water 

The result obtained with water administered by duodenal tube must be 
contrasted with that obtained when 225 cc of warm water were given by 
mouth Following this administration, we noted a slight rise from 23 cc to 
27 cc and then a drop to 24 cc in successive 15-minute periods It is com- 
monly recognized that water leaves the stomach almost immediately In this 
instance, acid material was washed into the duodenum from the stomach with 
the water as a vehicle and consequently a rise in output resulted due to the 
lowered pn of the duodenal contents (Chart 4) 

Sodium Bicarbonate 

Four grams of sodium bicarbonate given by mouth did not produce any 
appreciate effect upon volume flow of pancreatic secretion The initial 
volume reading in a 15-minute interval was 24 2 cc The subsequent read- 
ings at 15-minute interA'als were 24 i cc and 22 cc (Chart 4) 

We concluded from this that sodium bicarbonate given in this quantity 
was insufficient to neutralize the stimulating effect of HCl upon the duodenal 
mucosa The intubation expeiiment would indicate that repeated dosage 
with sodium bicarbonate would bring the pu above the critical level of 
stimulation and would result in diminished secretion (See Chart 3) Pro- 
longed administration of sodium bicarbonate was given m another of these 
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patients without appreciable change in carbon dioxide combining power 
Conti ol blood determinations weie made for carbon dioxide and chloiide 
in tlie blood on July 12, 1943 Subsequently, 16 Gm of sodium bicarbonate 



were given daily until a total dosage of 50 Gm was obtained Table VIII 
depicts the control and follow-up determinations 


Date 

Control (July 12 1943) 
(July 14, 1943) 
(July 15, 1943) 
(July 16 1943) 


Table VIII 

Carbon Dioxide 
Combining Power 

Chloride 


30 5 

98 0 


32 6 

91 2 


34 1 

99 6 


35 0 

101 2 


Coffee 

'Two hundred twenty-five cubic centimeters of cotfee given by mouth pro- 
duced a drop in pancreatic secretion from a control standard of 32 cc m a 
I5~minute inten^al to 10 cc , to 26 2 cc and 21 8 cc (Chart 4) 
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Sulfanilamide 

The patient was given one gram of sulfanilamide by mouth, every 4 hours, 
for 12 doses At the end of this time the concentration of the drug in the 
blood was 8 5 mg per cent — in pancreatic secretion 7 o mg per cent The 
first patient under similar therapy presented the following values Blood — 
8 5 mg per cent , pancreatic secretion — 9 i mg per cent 

This afforded conclusive evidence that sulfanilamide was widely distributed 
throughout the pancreas, m concentration approximating that of its concen- 
tration in the blood, and that it is returned to the duodenum in pancreatic 
secretion in concentrations approximating that level obtained in the blood 
stream This fact has been commented upon by other investigators 

Phenobarbttal 

Previous investigators (Coffey, Koppanyi and Linger)^ found that 
barbiturates given m large, hypnotic and anesthetic doses produced a reduction 
m gastric and pancreatic secretion, and that barbiturate was excreted m 
the pancreatic juice 

Following the administration of phenobarbital o i Gm , readings were 
observed m volume of pancreatic secretion from a control normal in 15 
minutes of ii 6 cc , to subsequent readings of 14 2 cc , 16 o cc , 19 6 cc This 
slight rise was not considered significant Barbital was not recovered from 
the secretion These contradictory findings may have been due to the small 
dose of the drug employed 


Sp,okinff {Ctgareiie) 

The patient under observation did not use tobacco m any foim He, 
however, agreed to smoke two cigarettes for us 

The base line of pancreatic secretion was at this time 24 cc in a 15- 
minute interval Following smoking the volume of flow in the ensuing 
15-minute interval was 20 cc and in the next 15 minutes returned to 24 cc 
(Chart 5) 

Goodman and Gillman^^ state that the smoke of the average cigarette may 
yield 6-8 mg of nicotine This diminution of volume flow was considered 
to be a nicotine effect The diminution of secretion was accompanied by 
some sweating 

THE EFFECT OF INTRAVENOUS FLUIDS UPON PANCREATIC SECRETION 

The intravenous administration of 2,000 cc of physiologic saline in two 
hours and 21 minutes resulted in a marked increase in the rate of pancreatic 
secretion The base rate of secretion prior to the administration of the saline 
was 30 cc in one hour The average rate of secretion during the adminis- 
tration and for one hour subsequent to it was 60 cc (Table IX) 

In a similar manner, 5 per cent glucose in physiologic saline was adminis- 
tered The base rate was 45 2 cc per hour The administration took 195 
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minutes and the patient was obseiwed for 225 minutes, during which time 
he secreted 255 cc of pancreatic juice His hourly rate of secretion was' 
60 cc (Table IX) 

The secretory rate was increased markedly by augmented fluid intake 
There was no essential difference between the administration of physiologic 
saline and 5 per cent glucose in physiologic saline (Table IX) 



Table IX 



THE EFFECTS OF INTRAVENOUS 

ADMINISTRATION 

OF FI UID 

Interval 

Time 

Saline I V 

Pancreatic Inc 

60 mins 

/ 12 00 


20 0 cc 


\ 1 00 



60 mms 

2 00 


24 0 cc 

2S mms 

f 2 25 started 


28 0 cc 

39 mms 

\ 3 04 

500 cc 

51 0 cc 

18 mms 

3 22 

500 cc 

55 0 cc 

48 mms 

4 10 

500 cc 

61 2 cc 

36 mms 

4 46 

500 cc 

78 0 cc 


5 46 


80 0 cc 


6 43 


75 Occ 



5 PER CENT GLUCOSE 

IN SALINE 


60 mms 

12 00 


43 2 cc 


1 00 



60 mms 

2 00 


47 2 cc 


2 25 



71 mins 

3 36 

500 CC 

60 0 cc 

28 mms 

4 04 

500 cc 

62 0 cc 

43 mms 

4 47 

500 cc 

48 8 cc 

53 mms 

5 40 

500 cc 

52 0 cc 


6 10 


32 Occ 
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OBSERVATIONS ON VOLUME FLOW ALTERATIONS INDUCED BY THE 
ADMINISTRATION OF DRUGS SUBCUTANEOUSLY 

EpJiednne 

The intiamusculai administration of 075 giain of ephedrine resulted in 
a marked inhibition of pancreatic secretion ovei a period of approximately 
30 minutes, with a gradual leturn to normal at the end of 45 minutes The 
diminution in flow was the lesult of a decrease in minute volume flow of blood 
thiough the pancreas, and this was due to the vasoconstrictor action of the 
drug The concentration of chloiide and bicaibonate in the pancreatic 
secietion showed a slight decrease fiom the prehmmar}'' control value 



Adrenalin 

The intramuscular injection of 04 cc of i 1000 solution of adrena][in 
lesulted in an abrupt diminution of pancreatic secietion, leachmg its maximum 
effect in 15 minutes, after which a gradual increase m flow was noted This 
diminution in flow was the result of the vasoconstrictor action of the drug, 
which produced a decrease in minute volume flow of blood through the 
pancreas 

Pilocarpine 

The patient under study was given %2 gr of pilocarpine intramuscularly 
This administration was made after a base-line of pancreatic flow had been 
established The usual peripheral effects of the drug were soon observed 
The result was dramatic He had copious perspiiation, marked salivation, 
the urge to defecate and urinate, his pupils were dilated, he was shaky and 
apprehensive Pancreatic secretion dropped from 9 cc to i cc , to i cc , 
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to 3 5 cc , m successive 15-minute periods (This experiment was done 
three times with identical results ) There was a consistent drop of total 
bicarbonate concentration m the pancreatic juice, following the administration 
^ of pilocarpine 

Pilocarpine produces its eftect by a highly specific action on cells inner- 
vated by postganglionic cholineigic fibeis This action is directly on the 
cholinergic substance (Goodman and Gillman^^) The action should be 
the same as obtained on electiical stimulation of the vagus in the laboratory 
animal, yet a diffeient result is obtained 



It would seem that where we had muscarinic stimulation on the pancreas 
plus increased flow of acid gastric juice providing an indirect stimulation 
(secretin mechanism), a combination of the two mechanisms would cause 
an increase in the production of panel eatic juice This did not occur, and, 
therefore, did not fulfill our expectations based upon the previously described 
action of pilocarpine 

Physoshgmzne 

Some help m analyzing the deviation from the expected result after the 
administration of pilocarpine may be obtained from the following Physos- 
tigmine, gram Yqq, was injected intramuscularly, and the flow in 15-minute 
periods was, successively, 400 cc , 32 cc , ii 2 cc , and i 6 cc 

It IS known that physostigmine exerts its pharmacologic activity in the 
body by inhibiting cholinesterase in body fluids and tissues (Goodman and Gill- 
nian^^) This esterase is responsible for the rapid and continuous destruction of 
acetylcholine Thus, physostigmine protects acetylcholine from enzymatic 
hydrolysis The responses obtained by the injection of physostigmine should 
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be the same as those from acetylcholine It should be recalled that the 
presence of acetylcholine is necessary for the action of physostigmine 

It IS also necessary to recall that acetylcholine produces both muscarinic 
and nicotinic effects Acetylcholine is a mediator of nerve impulses, causing 
the secretion of epinephrine Stewart and Rogoff^^ demonstrated this when 
they found that the epinephrine content of the blood increased to as much as 
fifteen times the normal after the administration of physostigmine Thus, 
the reduction of flow from the administration of physostigmine is understand- 
able Epinephrine is released and by vasoconstriction diminishes the flow 
of blood through the substance of the pancreas, thereby reducing the flow 
of pancreatic juice This occurs notwithstanding the fact that physostigmine 
by its muscarinic action should produce some increase in pancreatic flow 

Having considered the effect of physostigmine, it may be that pilocarpine 
has a mixed effect and produces both the muscarinic and some of the nicotinic 
effects of acetylcholine Accordingly, it is suggested that epinephrine may be 
released when pilocarpine is injected and that the former causes the diminution 
m pancreatic output 

Atropine 

Atropine caused a definite decrease in the amount of pancreatic secretion 
in a very short time Pancreatic secretion decreased from 184 cc to i 8 cc , 
to 00 cc in 15-minute intervals 

Atropine produces a reduction of gastric motility and secretion, with an 
ensuing diminution in activation of prosecretin Therefore, the principal 
effect IS through an indirect mechanism (Farrell and Ivy®) 

Morphine 

Morphine is a definite depressant upon pancreatic secretion The effect 
IS produced indirectly The gastric secretion of hydrochloric acid is retarded 
Gastric motility is lessened and the tone of the antral portion of the stomach 
IS increased The pyloric sphincter is contracted The total effect causes a 
slowing in the passage of gastric content into the duodenum The reduction 
in amount and the delay in passage of acid-gastric chyme into the duodenum 
results in the formation of a smaller amount of secretin, and, thus, the pro- 
duction of less pancreatic juice 

The patient was given o 25 gr of morphine sulfate intramuscularly after 
a base line for secretion had been established Flow dropped from 14 to 3 cc 
m a period of 15 minutes, with a gradual rise in the quantity of pancreatic 
juice secreted during the ensuing period 

Histamine 

The patient was given i cc of i 1000 histamine phosphate subcutaneously 
after a base level of pancreatic secretion of 22 o cc in 15 minutes had been 
established Following this there was a fall to 12 5 cc in 15 minutes, after 
which the secretion rapidly increased to 28 o cc , and subsequently to 40 o cc 
in ensuing 15-minute intervals 

We have no explanation for the initial diminution of secretion The 
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subsequent rise is due to the established action of histamine in increasing 
gastric acid secretion and increased gastric motility, with consequent stimula- 
tion to the secretin mechanism 



SUMMA-RY 

1 Detailed observations upon three patients with external pancreatic 
fistulae have been presented One of them produced 1770 cc m a 24- 
hour period 

2 'Attention has been drawn to the marked alteration in water balance, 
plasma protein level and plasma electrolytes, with special emphasis upon 
plasma sodium in patients with severe external pancreatic fistula 

3 It has been emphasized m this presentation that the sodium loss m 
severe pancreatic fistulae produces a clinical syndrome similar to that described 
by Addison, with the exception that in these individuals adrenal disease is 
not present This analogy has not been previously stressed 

4 The administration of adequate amounts of sodium and water in the 
presence of sufficient plasma protein to hold them in the circulation alleviates 
the symptoms peculiar to this syndrome 

5 Diminution in pancreatic secretion through the fistula may be obtained 
by the administration of a number of drugs However, ephednne and sodium 
bicarbonate are the most practical of tliese because of the unpleasant or dele- 
terious side-effects of the others 

6 Detailed physiologic observations upon pancreatic function have been 
recorded Certain of these observations contribute definite support to the 
theory that secretin secretion is a filtration process These are 

a Sodium ion is present in equal amounts in both blood plasma and 
pancreatic secretion 

b The total of the concentrations of chloride and bicarbonate 10ns are 
the same in blood plasma and pancreatic secretion 
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c The same amount of lomzable calcium is present in blood plasma and 
pancreatic secretion 

d Sulfanilamide is found in the same amount in blood plasma and pan- 
creatic secietion 

7 Pancreatic flow is continuous throughout the 24-hour period, and is 
influenced, to great degree, by the state of hydration of the individual 

8 Large amounts of lomzable calcium are normally returned to the gastro- 
intestinal tract through pancreatic secretion This phenomenon has not 
previously received the recognition it warrants 

9 The appearance of sulfanilamide in therapeutic concentration m pan- 
creatic secretion suggests its use in acute inflammatory disease of the pancreas 

10 Pancreatic secretion is markedly stimulated by the administration of 
histamine intramuscularly, and by the intravenous administration of physiologic 
saline or 5 per cent glucose in physiologic saline, intravenously 
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THE HEALING OF SURFACE CUTANEOUS WOUNDS 
ITS ANALOGY WITH THE HEALING OF SUPERFICIAL BURNS* 

John Marquis Converse, M.p f 
New York, N Y 
AND 

A H T Robb-Smith, M D J 

Oxford, Enoeand 

Interest in the healing of cutaneovis wounds produced by the removal of 
skin grafts was aroused by the fact that the wounds of superficial burns 
appeared to present a similar process of healing Brown and McDowelP 
made the same observation, and later Cannon and Cope^ used skin graft donor 
areas to test the effect of coagulants on epithelial growth 

Four hundred and sixty-nine skin graft donor areas were studied These 
skin grafts were removed for use m plastic operations and for the covering 
of raw areas created by burns or trauma Three types of skin grafts were 
employed Thin Thiersch giafts and thicker split (intermediate) grafts which 
were removed with the Blau skin graft knife Skin grafts of varying thickness 
(0010-0042 inches) were cut with Padgett’s dermatome The donor sites 
used were the medial aspect of the arm, the abdomen, the back and the thigh 
A few grafts were removed from other regions of the body The routine post- 
operative treatment of the donor areas was as follows Gauze soaked in 
%ooo adrenaline solution and large saline packs were held with pressure 
against the bleeding donor area Then strips of fine-meshed vaselined gauze, 
impregnated with sulfanilamide powder, were applied to the wound and covered 
by gauze, cotton and a pressure bandage firmly anchored by adhesive The 
dressings over the skin graft donor areas were removed when the latter were 
healed The approximate healing time of these donor areas was observed, 
the dressing being removed when the vaselined gauze could be easily detached 
from the new epithelial surface of the area It is obvious that accurate 
comparative data are difficult to obtain because the thickness of the graft, which 
is cut with the dermatome, varies greatly with the thickness of the cement 
which IS employed to produce adherence of the skin to the dermatome drum, 
because of individual variations m the characteristics of the skin of the dif- 
ferent patients, and because of variations of the age and general condition 
of the patients It is felt, however, that observations m a sufficient number 
of cases (469) have permitted us to formulate the following conclusions 

I The quality of the lepair was toughly proportional to the rapidity of 
healing 

Donor areas, healing in six to ten days, failed to leave more than a pink 
area, which rapidly became pale, leaving a faintly visible scar with a soft 

* Sections of this paper were read by Dr Converse before the Moynihan Surgical 
Club, July 26, 1942, Oxford, England 

t From the American Hospital 111 Britain (Churchill Hospital), Oxford At present 
Capt 'MC, USA 

$ From the Radcliffe Infirmary, Oxford Reader m Pathologj, University of Oxford 
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pliable base Donor areas, healing in 14 to 21 days, left a more visible, uneven 
scar with a harder base Some donor areas remained unhealed for a longer 
period, and often left retracted, hypei trophic scars 

2 The rapidity of healing appealed to be dependent upon a number of 
factors 

A The Thickness of the Graft 

(i) After removal of thin Thiersch grafts at about the level AB in Fig t 
healing was achieved in six to ten days 



(Fig i), healing occurred generally within 14 days 

(3) When grafts were cut along the level EF, towards the base of the 
dermis, or along the level GH (Fig i), at which lobes of fat began to appear, 
healing was much slower, taking from 21 to 58 da)'^s 
B The Thickness of the Skin of the Donoi Site 

In four patients, o 016-inch dermatome grafts were removed simultaneously 
from the abdomen and from the inner aspect of the thigh The abdominal 
areas, m which the dermis is thicker, healed more quickly (dveiage 12 days) 
than the thigh areas (average 16 days) 

C The Degree of Looseness of the Skin of the Donor Area 
In donor areas in which the skin is loosely bound-down to the underlying 
structures, healing occurred more rapidly by contraction 
D Infection 


874 



Volume 120 
Number 6 


HEALING OF CUTANEOUS WOUNDS 


In seven cases gioss infection with suppuration were noted m the donor 
area Cultures v, ere not made In each case, the dressing, maintained by a 
bandage, had slipped, failing to pi otect and immobilize the wound 

In six donor areas from which very thick grafts had been removed, 
infection was observed after the 23rd day As a result of the infection. 



Fig 2 — ^Thin graft (025 mm — 0 01 in ) removed from the abdomen (about 0008 
on the dermatome calibration) when fixed and embedded showing a portion of the dermis 
rem9ved HE X 20 (R I S H 1585 (6) (42) 

necrosis of the remaining dermis was observed which resulted in sloughing 
followed by granulation of these areas Healing occurred slowly (average 
healing time 52 days) leaving an hypertiophic, rough and contracted scar 

PROCESS OF HEALING OP SKIN GRAFT DONOR AREAS 
The process of healing of such areas was studied m four patients, who 
were undergoing a senes of plastic operations, and who consented to the 
removal of biopsies from healing donor areas at various time intervals 

The healing of cutaneous wounds is a dual process, a combination of 
repair with contraction 
I Process of Repair 
A Source of Epithelium (Figs 2—10) 
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The epidermis is removed with the skin graft so that the new epithelial 
surface must originate from the epithelial elements m the dermis (Figs 2-8), 
except from the edges of the defect where there will be regeneration from the 
surrounding normal epidermis attempting to cover the bare area 

In the study of epithelial repair, histologic sections have revealed the fol- 
lowing facts 

1 In the healing of donor areas, the sebaceous glands participate, to- 
gether with the hair follicles, m the reepithehzation (Figs 3-7) 

2 The hair follicles are the mam source of epithelium (Figs 3-8) 

3 The sweat ducts, running up from the sweat glands (which are situated 
m clusters at the base of the dermis between the lobes of fat), help to furnish 
epithelium when grafts are cut in the depth of the dermis The sweat duct 
epithelium does not furnish as much epithelium as an occasional remaining 
hair follicle, and regeneration is much slower (Figs 9 and 10) It is to be 
noted that the hair follicles diminish in number as the deeper layers of the 
dermis are reached, as many hair follicles are implanted superficially Hori- 
zontal sections through the dermis at different levels demonstrate this fact 
(Figs II, 12 and 13) 

This decrease in available epithelium can be demonstrated when cutting 
skin grafts with the dermatome at different levels When a thin graft is cut, 
innumerable small bleeding points are seen They are the transversel}’’ 
sectioned anastomotic vessels of the skin and are separated by areas of con- 
nective tissue containing a hair follicle (Fig ii) As thicker grafts are cut, 
the bleeding points become coarser and more widely spaced, and the hair 
follicles are also more widely separated Near the base of the dermis, 
protrusions of fat appear, due to the 11 regular junction of the fat with the 
dermis (Fig 13) The junction between the dermis and the subcutaneous fat 
is not an even one Numerous projections of fat, the "columnae adiposae” 
are seen, they join the base of the hair follicles, implanted at various levels 
m the dermis (Fig i) The numerous islands of fat thus formed in the 
dermis facilitate contraction during the healing of dermal wounds 

It, thus, results that epithelization takes place from numerous islands of 
epithelium, which tend to join each other by cellular multiplication and 
migration The more numerous these islands are, the more rapid the healing 
will be 

B The formation of fibi ous tissue and its influence on the quality of the 
epithelium 

Sections removed from donor areas which have healed rapidly (Fig 14), 
show a good quality epithelium over a thin layer of loose connective tissue 
This layer is relatively avascular and elastic fibers do not develop until epi- 
thelial healing has been complete for some time Even after five weeks, 
only very fine fibers are present (Figs 15, 16 and 17) 

When healing has been slow, the appearance is quite different (Fig 18) 
Under a thin flat atrophic epithelium, under which there is little rete peg 
formation and presenting few or no hair follicles, is a thick layer of hori- 
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Fig 3 — Donor area two davs after remo\al of a thin graft showing commencing epithelial regeii 
eration from the mouth of a hair follicle and from the sebaceous glands HE X 40 (R I S H 1476 
(4) (42) 

/ Fig 4 — Donor area three days after removal of a thin graft showing the epithelial sheet 

spreading out from a hair follicle HE X 40 (R I S H 1606 (i) (42) 

Fig s — Donor area five days after removal of a thin graft Epithelial regeneration is complete 
the epithelium is thicker than in Figure 4 There is a suggestion of rete peg formation and loose 
subepidermic connective tissue can be seen, particularly at the right hand end of the section HE X 
40 (RISK 1606 (3) (42) 

Fig 6 — Donor area nine dajs after removal of a thin graft Epithelial regeneration is complete, 
the epithelium is much thicker than in Figures 4 and s There is keratinization and well marked 
though irregular rete pegs The newly formed loose subepidermic connective tissue is well shown 
HE X 40 (R I S H 1476 (6) (42) 
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Fig 7 Fig 8 



Fig 9 Fig io 


Fig 7 — Comparison of healed donor area with an autograft after 12 days Immediately after the 
thin graft had been removed a portion of it was reapplied and the rest of the donor area was allowed 
to heal At the extreme right hand, a portion of the normal skin can be seen, then there is the area 
of regenerated epidermis with irregular rete pegs and loose subepidermic connective tissue, then a 
nodule where the regenerating epithelium has grown under the graft, then the autograft itself, and 
the granulating zone can just be made out HE X 7 S (R I S H 1585 (i) (42) 

Fig 8 — ^Thick graft (136 mm, o 05 in ) removed from abdomen (about 0032 on dermatome 
calibration) when fixed and embedded showing the removal of the dermis and of the hair follicles 
HE X 20 (RISH 1585 (s) (42) 

Fig 9 — Donor area three daj s after removal of a thick graft, only occasional minute islands of 
epithelium can be seen around the sweat ducts (Compare with Figure 4) HE X 4o (RISH 
1606 (2) (42) 

Fig 10 — Donor area five days after removal of a thick graft, most of the donor area is bare 
and there is only a small island of epithelium arising in relation to a sweat duct (Compare with 
Figure s) HE X 40 (R I S H 1606 (4) (42) 
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zontally arranged collagen fibrils, completely deficient in elastica (Fig 19) 
and the whole dermis is poorly vascularized These facts explain why these 
seal red aieas present a haid base, why the epithelium is prone to fissure and 
ulceiate after tiauma, and Biown^ has also suggested that a factor in the 
liability to tiauma is the lack of tethering of the epitlielium due to the 
deficiency in lete pegs 

2 Piocess of Conti action 

All healing wounds contiact Cutaneous wounds, such as donor areas, 
heal mostly by epithelization and little by contraction Measurements of the 
degree of conti action of the wound after the removal of skin grafts were 
made by comparing (111 62 patients) the size of the piece of skin on the 
dermatome drum with the size of the healed donor area 

Very little conti action occurs (2-5 per cent) m the donor areas until 
very thick grafts aie removed Contraction increases to (5-10 per cent) and 
may leach as high as 20 per cent when the grafts are cut in the base of the 
dermis where fat begins to appear 

Infection and mechanical and chemical irritation delay epithelial healing, 
and conti action is increased We have already noted that contraction occurs 
more readily when the skin of the donor area is loosely bound down to the 
underlying tissues This contraction of the wound is most marked along the 
direction of the lines of the skin (Langer’s lines) 

CONCLUSIONS 

THE “iNTER-ISLAND CONTRACTION” 

It would appear that epithelial resurfacing originates from the individual 
epithelial islands formed from each hair follicle, sweat duct or cluster of 
sweat glands Each epithelial island endeavors to join its neighbors not 
only by cellulai division and migration but also by contraction (inter-island 
contraction) The longer epithelial healing takes to resurface the wound, 
the more maiked this mter-island contraction will be Such a delay in 
healing was observed m donor areas, m which the dermis was transected near 
Its base, this was apparently due to the diminution in the number of elements 
of available epithelium, but infection, and mechanical and chemical irritation 
produce the same retarding effect In such cases, a thick layer of relativel}- 
avascular inelastic fibrous tissue is laid down which is covered by an atrophic 
epithelium of pooi quality (Figs 18 and 19) 

HEALING OF SUPERFICIAL BURNS 

In the past theie has been a tendency to attribute success or failure of 
local bui n treatment to the type of treatment used According to some, the use 
of certain chemicals over the burn wound has resulted in “healing without scars” 
of burns It is true that the necessity of treating the burn with full-thickness 
skin loss, by eaily skin grafting is now generally recognized However, it would 
appeal that within the group of burns generally classified as second degree 
burns, vaiiations 111 the quality of the healing of these areas depend upon the 
extent of the tissue destruction 
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Fig 13 


Fig 14 


Fig II — Horizontal section of skin of thigh below the epidermic surface, cut 0 18 mm (about 

0 007 in on the dermatome calibration) when fixed and embedded The openings of the hair and 

sweat glands can be seen, also a portion of the epithelium where the deeper epithelial folds occur 
HE X 20 (RIP M (345/43) 

Fig 12 — Horizontal section of skin of thigh, below the epidermic surface, cut 036 mm (about 

0 028 in bj the dermatome calibration) when fixed and embedded There are no hair follicles and 

the sweat ducts can onlj be made out with difficult} and are scanty HE X 20 (R,I P M 345/43) 

Fig 13 — Horizontal section of skin of thigh, below the epidermic surface, (about o 034 in by 

the dermatome calibration) when fixed and embedded The coiled sweat glands are seen as well as 
intradermic protrusions of fat HE X 20 (R I P M 345/43) 

Fig 14 — Healed donor area 32 da}S after the removal of a thin graft The epidermis is kera 
tinized and of moderate thickness Rete pegs are not marked but there is the normal undulation of 

the skin, and hair follicles The contrast between the new formed subepidermic connective tissue 

which IS becoming collagenized and the coarse collagen fibers of the original dermis can be clearly 
seen (Compare Figures 6 and 18) HE X 4° (RISK 1476 (3) (42) 
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During two years' service at the American Hospital in Britain ( 1940-1942) 
191 burns weie obseived These bums weie seen at all stages, some as early 
as two hours aftei injuiy, otheis after complete healing, often because of 
the need for secondary plastic operations The youngest patient was age 5 
the oldest, 64 The patients weie civilians as well as belonging to the Armed 
Services The causes of the burns weie vaiiable, 143 were related to the 
War (gasoline explosions, plane crashes, incendiary bombs, flash burns of 
high explosives, accidents in war industries) , 48 were of the usual civilian 
type Early treatment had often been cairied out in other hospitals, and the 
methods of local treatment employed were very vaiiable irrigation methods 
(saline baths, iirigation envelopes) , coagulation methods (tannic acid and 
siher nitrate, gentian violet, triple dye, sulfadiazine m triethylanolamine) , 
lightly applied dressings of wide-mesh vaselined gauze ( hille gras') and moist 
saline dressings, pressure dressings with fine-mesh vaselined gauze, plaster 
encasements and splints The healing of these burn wounds was observed, 
and 63 biopsy specimens wei e removed for histologic examination 

In defining the depth of the burn, it, would seem more logical to use 
anatomic terms Table I shows the terminology used in this paper 

I 

Table I 


Superficial Burns 
(partial skin loss) 


Deep Burns 
(total skin loss) 


CLASSIFICATON OF BURNS 
Epidermal burns Erythema 
Epithelial desquamation 
Dermal burns Blistering 

Destruction of superficial layers of the dermis 
Deep dermal burns Destruction of the dermis down 
to the deep layers 

Mixed burns Small areas of total skin loss alternate 
with areas of deep dermal burns 


Heal well 


Heal slowly, with contraction; 
may require skin grafting 


Destruction of the whole-thickness 
the skin into, or beyond, the fat 




Heal with difficulty, producing contractions 
and deformities Skin-grafting the rule 


I Epidermal Bums — ^These burns are characterized by erythema, often 
followed by an epithelial desquamation A detailed study of the early histo- 
logic changes in experimental burns has been made by Leach^ and exactly 
comparable changes have been observed in man 

2. Dermal Burns — Blistering is the rule In the histologic sections 
studied, blisters w^ere due to an epidermo-dermal separation produced by the 
exudation of fluid In one section, the layer of separation was deeper than 
the junction of epidermis and dermis, in the dermis itself 

When the base of the blister is red, smooth and moist, healing may be 
expected in the absence of infection in 7—10 days Epithehzation in such 
superficial burns originates, possibly from a few remaining islands of basal 
epithelium, and from the hair follicles and the sweat ducts The histologic 
picture is the same as that observed m the healing of a donor area after the 
removal of a thin skin graft (Figs 3-6 and 14—17) 

When the base of the blister is grey and dry, the dermis is more deeply 
involved, and healing will be slower because a layer of burned dermis must 
first be eliminated as a slough Histologic examination has shown that 
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Fig 16 



Fig is — Normal skin to show elastic fibers There is an imperceptible transition from the coarse 
fibers of the dermis to the fine fibers of the subepidermic region Orcein X 120 (RISK 1585 (1) (42) 

Fig 16 — Healed donor area 12 days after removal of a thin graft from the abdomen (o 008 in bv 
the dermatome calibration) The elastic fibers of the original dermis can be clearly seen, but no 
elastic fibers have developed in the newlj formed, subepidermic loose connective tissue Orcein X 120 
(RISH 1585 (i) (42) 

Fig 17 — Healed donor 32 days after removal of a thin graft from the abdomen (o 008 in by the 
dermatome calibration) The elastic fibers of the original dermis can be clearly seen and very fine 
elastic fibers have developed in the new formed subepidermic connective tissue (Compare with Figures 
14 16) Orcein X 120 (RISH 1476 (3) (42) 

Fig 18 — Healed hypertrophic scarred donor area 65 days after removal of a thick graft from the 
abdomen (about o 034 in by the dermatome calibration) There is a layer of atrophic epidermis with 
no formation of rete pegs and absence of hair follicles though sweat glands are present The newly 
formed subepidermic connective tissue has become collageniaed, but deep to it are bundles of hori 
zontally arranged closely knit collagen fibers The original dermis can just be made out at the bottom 
of the photomicrograph HE X 40 (RISH 1476 (2) (42) 
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although the structuial pattern of the dermis has been maintained, yet the 
physicochemical characters of the collagen have been profoundly altered. 

3 Deep' Dermal Bwns — A thicker layer of dermis is destroyed, exposing 
the base of the dermis which appeals as grossly punctated Often one may 
see numerous small islands of epithelium, resembling minute pinch-grafts 



Fig 19 — Healed h> pertrophic scarred donor area 65 da>s 
after removal of a thick graft from the abdomen (about o 034 in 
b> the dermatome calibration) The elastica of the original dermis 
can be seen, but there is virtually no elastica in the newly formed 
subepidermic connective tissue or the underljing collagen bundles 
Note the thickness of the newly formed tissue (16 mm , o 066 
in ) , vv hereas, in a healed donor area, after removal of a thin 
graft, the new formed connective tissue is only o 36 mm (o 013- 
in ) thick Orcein X 20 (RISK 1476 (2) (42) (Compare 
with Figure 17) 


from which epithelization spreads as a pearly-white thin layer Healing 
IS prolonged, particularly in infected cases The healed epithelium is often 
thin, parchment-like and prone to cracking Histologic examination in the 
healed stage shows an appearance similar to that described in a healed deep 
donor area, save that the zone of horizontal collagen fibrils is greater (Figs 
18 and 19) 


CONCLUSIONS 

, SKIN GRAFTING AFTER SUPERFICIAL BURNS 

In superficial burns when the deeper layers of the dermis are involved, 
(deep dermal burns, mixed burns) healing occurs with considerable con- 
traction (inter-island contraction) Although the burn has not caused destruc- 
tion of the full-thickness of the skin, a loss of skin surface is noted (invisible 
loss) This contraction and loss of skin surface following superficial burns 
IS noted particularly 
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1 When the skm of the area is loosely attached to the underlying struc- 
tures, e g , the skm of the dorsum of the hand, or of the eyelids (resulting 
m ectropion) 

2 In the vicinity of joints where it tends to interfere with their normal 
function 

The newly healed skin is smooth, shiny and very tight , it is often keloidal 
Avascular and inelastic scar tissue is the enemy of serviceable repair Without 
minimizing the value of massage, ointments and other physical therapy 
methods, too much time may be wasted in the i ehabihtation of patients 
following superficial burns by their use, particularly in burns of the hands 
Roentgenotherapy may be useful to reduce and soften hypertrophic scars, 
but if scar-epithehum overlies scaried dermis, the best treatment is their 
complete replacement by thick skm grafts The presence of a thick dermal 
pad undei the epithelium has been the reason for the serviceable repair 
given by the split graft 

Skin grafting is indicated in supeificial burns for two mam reasons 

1 For the relief of skm deficiency, of tightness, following inter-island 
contraction of deep dermal and mixed burns, particularly on the dorsum of 
the hand, around joints, for ectropion of the lids or distortion of the features 
of the face 

2 To replace skin of poor quality Thin, shiny or keloidal skin is 
poorly resistant to every day trauma It tends to crack and ulcerate, even 
as a result of cold weather Return of sensation is poor, and the appearance 
of the skin is often disfiguring 


StlMMAKY 

I In the study of superficial burns, a comparative study of 500 donor 
areas of partial thickness skm grafts were done The following facts 
were noted 

1 The quality of the repair was roughly proportional to the rapidity 
of healing 

2 The rapidity of healing was dependent upon 
A The thickness of the graft removed 

B The thickness of the skm of the donor site 
C The presence or absence of infection 

3 Epithelial healing originates from the epithelial elements m the 
dermis, hair follicles, sebaceous glands, sweat ducts The number 
of these elements decreases in depth of the dermis and so healing 
is slow 

4 In slow-healing areas, abnormal fibrous tissue is laid down in 
excessive amounts The epithelium formed is of poor quality 

5 Contraction following healing is appreciable in areas from which 
grafts have been cut near the base of the dermis In deep dermal 
burns and in mixed burns, such a contraction has been observed 
and IS called “mter-island contraction ” 
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2 From 19 1 burned patients, 63 biopsy specimens were removed The 
extent of the anatomic destruction of the burn wounds and the mode of 
healing of these wounds were obsen^ed 

3 An anatomic classification of burns is proposed 

4 A description of the clinical and pathologic aspects of superficial burns 
is given 

5 The need for skin grafting certain superficial burns because of the tight- 
ness produced as a result of mter-island contraction or because of the poor 
quality of the healed skin is noted 
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BATTLE CASUALTIES IN A SOUTH PACIFIC 
EVACUATION HOSPITAL 

Lt Col Wijllis J Potts, M C 

United States Army 

Warfare in the South Pacific involving island to island moves has pre- 
sented difficult problems in the care of the wounded Our experience with 
battle casualties has been far different than we anticipated Instead of 
treating fresh wounds, we have had to deal primarily with wounds m which 
infection was well established upon admission to the hospital I hasten to 
comment that this was unavoidable In spite of a well planned South 
Pacific surgical program, it was too often impossible to bring wounded soldiers 
to hospital facilities before the golden six- to eight-hour period following 
injury had passed Men were frequently wounded at night and could not 
be removed from their fox holes before dawn Then their transportation 
through jungle and over impassable roads was time-consuming The best 
that could be done — and m general it was well done — was to stop hemorrhage, 
put sulfa drugs in the wounds, apply simple dressings, support fractured 
extremities with splints and evacuate This had to be accomplished first by 
small boat and then by air The majority of the patients w^ere received 
at this hospital from two to five days after injury Some had had further 
treatment before arriving The seriously w'ounded had received blood trans- 
fusions but plasma was the mainstay of suppoi t m the forward area In the 
care and study of these patients a few points of interest presented them- 
selves, and the importance of applying the established fundamental prin- 
ciples of wound treatment was reemphasized 

Gas Gangtene — In the battle casualties received at this hospital there 
has been no case of classical gas gangrene This, of course, may be coincidence, 
since unquestioned cases of gas gangrene have been leported at other hos- 
pitals in this area Small amounts of air bubbling from an infected wound 
does not necessarily mean gas gangrene in the ordinarily accepted sense of 
a death-dealing, spreading infection requiring prompt and heroic treatment 
Great caution is advised We have had five patients with severe wounds, 
grossly infected, from which gas bubbles exuded and about which slight 
crackling could be palpated Because the well-recognized clinical picture 
of gas gangrene, with severe pain, rapid pulse, relatively low temperature, 
marked local edema, coppery discoloration of the skin and overwhelming 
toxicity was absent, we, with considerable trepidation, treated the patients 
conservatively, in immobilization Large doses of polyvalent gas gangrene 
serum were given intravenously Cultures from the wounds yielded gram- 
positive, spore-forming anaerobes resembling Cl zvelclw Facilities for 
virulence tests were not available Since it is well recognized that many 
patients whose wounds harbor the Welch bacillus do not develop clinical 
gas gangrene, positive cultures do not warrant amputation or other types 
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of radical surgery unless the clinical picture supports the laboratory findings 
All these patients made an uneventful recovery 

A second group of battle casualties who have air in their tissues, exclusive 
of chest injuries, and who demand careful differentiation, are those in whom 
air has been sucked into the tissues by penetrating or perforating missiles 
This observation has not been sufficiently stressed in the surgical literature 
of war In these patients, clinical examination reveals, to the palpating hand, 
typical crackling in the tissues but roentgenologic examination shows that 
collections of air he along the course of the missile rather than m the planes 
of the tissues, as in gas gangrene Furthermore, in the former, the trapped 
air shows on the roentgenogram as irregular-sized, large and small dark 
splotches, whereas, in the latter group, the gas is frequently represented by 
small, dark, oval areas lying m parallel rows 

Our first patient presenting this picture had sustained a wound of his 
right forearm three days before admission The shell fragment had entered 
just above the wrist and, without producing bone injury, had torn through 
the extensors of the forearm and lodged about one inch above the elbow at the 
lateral surface of the humerus His wound was mildly infected at the point 
of entrance There was crackling m the tissues all along the course of the 
shell fragment, and roentgenologic examination revealed blobs of air in the 
tissue along the tract The patient did not appear acutely ill , his temperature 
was loi® F Because of uncertainty and inexperience, we laid open the 
tract but found the muscles free from any of the changes so typical of gas gan- 
grene The wound was packed open with vasehned gauze and a circular plaster 
encasement applied Within three weeks, the wound was covered with 
healthy granulation tissue, allowing a successful secondary closure We were 
in error — ^misguided by the presence of air in the tissues This condition 
has been observed and recognized frequently since 

These two groups of patients require most careful and thoughtful observa- 
tion Evaluation of air in the tissues of severely wounded extremities or 
gas formed by microbic action in and about grossly infected wounds is of 
paramount importance To delay treatment m the presence of classical gas 
gangrene is inexcusable — to amputate unnecessarily is tragic 

Infections — Infection was well established in practically every battle 
wound when it came under our care Knife, machete and bayonet wounds, 
and perforating wounds of soft tissue caused by machine gun bullets were 
occasionally clean The extensive wounds were dirty, foul-smelling, and 
covered with pus and bits of sloughing tissue Yet, interestingly, there was 
but one patient in the entire group who had an overwhelming infection, with 
symptoms of profound toxemia That is unique because accidental wounds 
in civilian life are not infrequently followed by severe infections Cultures 
from these infected wounds, while unsatisfactory because of the presence of 
large atnotmts oi sulfanilamide, yielded a variety of oxgamsms — ^anaerobes, 
staphylococci, albus and aureus, hemotytic and nonhemolytic, gram-negative 
bacilli and a few nonhemolytic streptococci Hemolytic streptococci were 
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found only once m 25 cases studied bacteriologically Whether the sulfa 
drugs in the wounds kill these streptococci or whether the low incidence of 
upper respiratory infections m this theater of war accounts for the infrequency, 
IS a matter of conjecture Coincidence may play a role The ironclad rule 
of wearing caps, sterile gloves and masks covering mouth and nose when 
treating wounds may be a factor 

The low incidence of infection in potentially clean operative wounds has 
surprised us, as we were under the impression that wounds would not heal 
kindly because of the excessive perspiration m the heat and humidity of 
the tropics The contrary has been true In potentially clean operative 
wounds, we have had infections, with an incidence of two per cent In 120 
consecutive herniae, repaired with silk throughout, there was one post- 
operative wound infection 

Treatment of Infected Wounds — ^The pathology of an infected wound 
and the physiologic processes involved in its healing have not changed 
Often the fundamental principles have been obscured by the host of accepted 
and discarded lotions, chemicals, salves, washes, irngants, digestants and 
wound-healing potions of all kinds A few make the wounds look better 
and smell better — that’s all In every infected wound, from a scratch to an 
extensive avulsion of the muscles of the thigh, there eventually forms, if the 
patient survives, a barricade between healthy and infected tissue This wall, 
or pyogenic membrane, is nature’s mechanism of defense against the invasive 
forces of infection Anything that enhances its formation is desirable, any- 
thing that injures or weakens it is a menace Each break m that wall, made 
by instrument or rough handling or "cleaning,” is an avenue for bacterial 
invasion and must be closed by a repetition of the reparative process 

Towards the early, unimpeded and effective building of this wall of 
defense, all of our energies must be directed Ever since the Napoleonic 
wars, astute observers have noted the importance of wound rest, but to 
Orr rightly goes the credit for popularizing the principles and mechanism 
of its accomplishment ' 

Piocedwe — An infected, extensive, soft-tissue wound is treated the same 
as an infected compound fracture, except that in the latter group the frag- 
ments are aligned in the best possible position The mechanism of reduction, 
alignment and fixation with pins or twin pm units or traction is not within 
the scope of this paper 

All patients with severe, infected wounds, with or without fracture, are 
brought to the operating room, where surgical staff and attendants are capped 
and masked The dressings are removed with sterile instruments and the 
wound inspected The time for debridement has forever passed after in- 
fection IS established, nor can such a wound be "cleaned” by any process 
devised by man Only obviously dead tissue is cut away, and any attempt to 
cut away live but infected tissue will lead to disaster If there are pus 
pockets, they are gently opened Large foreign bodies, easily available, are 
lifted out, but during the acute stage of infection there is no digging for missiles 
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or shell fragments That can be done after the infection has burned itself 
out and local as well as geneial immunity has been established Washing 
or sponging, if done, is so gentle that bleeding is not started The wound 
IS filled, not stuffed, with gauze so thoioughly impregnated with vaseline 
that it will serve as a nonadherent drain and not as a plug No rubber drains 
of any kind are used A voluminous diessing of fluff -gauze is laid on and 
about the wound and covered snugly with a libeial amount of sheet wadding 
Over this a circular plaster encasement is applied Because of the excessive 
humidity in the tropics, it is necessaiy to make the plaster encasement twice 
as thick as one would at home 

Wounds of the shoulder and hip are enclosed in plaster spicas, wounds 
about the knee are protected by leg encasements from groin to toes , wounds 
about the elbow require encasements fiom shoulder to fingers Immobiliza- 
tion IS the objective, and it must be complete 

The patient is returned to his ward where his wounds are safe from 
prying eyes and from fond but meddlesome fingers Along with rest to the 
wound and consequent relief from pain come physical and mental relaxation 
SO important in the treatment of any disease Sulfa drugs by mouth are 
continued as indicated Blood and plasma transfusions are used freely 
as needed 

The 'patient’s temperature will go up as a result of the minor manipula- 
tions of a change of dressing and the application of an encasement A 
return to normal may be expected within a few days If the temperature 
fails to drop m the morning, indicating sealed-up infection, a change of the 
encasement and a review of the v ound is indicated Excessive drainage and 
soaking, also, necessitates a change of the encasement We rarely cut 
windows in them If the odor becomes too ofifensive, the encasement is 
changed, however, a smelly encasement is largely a matter of mental attitude 

Anesthesia ■ — Ether administered by the open-drop method is not practical 
in the tropics because of the high humidity Practically all cases given ether 
were induced with nitrous oxide-oxygen and maintained with ether-oxygen 
administered by the closed absorption technic 

Pentothal sodium, alone or combined with nitrous oxide-oxygen, was 
found to be the anesthesia of choice for most battle casualties 

Basal anesthesia, consisting of nembutal, morphine and scapolomine, was 
adequate for many casualties requiring merely a dressing and change of the 
encasement or minor manipulation of fractures 

Spinal anesthesia was not used for battle casualties Other methods were 
considered safer 

Based on these experiences, there are a few “do’s” and “don’ts” that 
are very elemental but seem to require constant reiteration 

1 Record, record, record 

2 Especially m case of upper extremity injuries Is the radial -pulse 
present, are the nerves intact, are the tendons severed ^ Make a record 

3 Do not close battle wounds 
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4 Dry gauze packed in wounds acts as a plug — use only when absolutely 
necessary for control of hemorrhage 

5 Immobilize adequately Do not use unpadded encasements on patients 
who are to be removed from your own continuous personal observation 

6 Do not use rubber drains — never in the region of large vessels Gauze, 
thoroughly impregnated with vaseline, properly placed, will allow for 
adequate drainage Do not pull strips of vaselined gauze through per- 
forating wounds 

7 Roentgenograms and records are frequently lost or do not accompany 
the patient, therefore, with indelible pencil, write on the encasement 
Date of injury, date of application, draw position of fragments in all 
fractures, indicate wound of entiance and wound of exit with a circle 
the size of the wound and wmite in the circle, “vaselined gauze ” 

CONCLUSIONS 

Our results with this simple regimen have been Patients who eat well, 
sleep well and are happy because they aie free from pain Their wounds 
clean themselves without interfeience and become covered rapidly with 
healthy granulation tissue 
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URINARY COMPLICATIONS OF PELVIC ENDOMETRIOSIS 

J. R Good ALL, M D 

MoNTHEAii, Canada 

Secondary endomeiriosis of the urinary organs is a relatively unusual 
complication, although the condition has been recognized for some years 
The urmar}’' tract may be invaded in any part of its length below the junc- 
tion of the middle and lower third of the ureters The disease may be 
localized to any single part of this tract or it may, by progressive advance, 
involve all the stiuctures below the brim of the pelvis In the cases herewith 
cited are (i) two instances of diffuse stromatous secondary endometriosis, 
involving the whole urinary tract below the brim of the pelvis, causing 
occlusion of both ureters and leading to complete destruction of the kidneys 
and death, owing to uremic coma, (2) there aie also two othei instances of 
secondary invasion of a single ureter by transperitoneal penetration, leading 
to destruction of the kidney on that side, and (3) one instance of secondary 
urethral endometriosis 

The symptomatology varies considerably m different cases due to 
several factors (i) The site of the urinary implantation, (2) the cellular 
structure from which the disease originated, which (3) determines whether 
the endometriosis present in the urinary tract responds to the monthly cycle 
or not These mam factors will be emphasized m their appropriate sections 

In the author’s monograph, “A Study of Endometriosis,” it was emphasized 
that all cases of endometriosis originate m the endometrium The endometrium 
is made up of two specific cellular structures — the stromal cell and the lining 
cell of the uterine secretory glands Endometrial ectopias may be made up 
wholly of (i) the stromal cells, simulating sarcomatous disease which are, 
therefore, designated as stromatous endometriosis, or (2) the ectopias may 
be composed of glands and stroma and, therefore, may be termed mixed endo- 
metriosis It was further emphasized that only the superficial layers of the 
endometrium respond to the monthly cycle, whereas, the deeper layers are 
not appreciably affected For this reason, endometrial cells from the super- 
ficial lajers may retain their capacity for cyclical response when they implant 
m ectopic position, whereas, the deeper, nonresponsive cells are resistant to 
monthly cyclical influences when in ectopic position 

It can readily be seen that there are three modes of invasion of the 
urinary tract by endometrial tissue (i) Direct, by lymphatic continuity or 
back-flow from the deep uterine mucosa through thei uterine wall into the 
muscularis and mucosa of the bladder, (2) indirect, from implants in the 
peritoneal vesico-uterme pouch and thence into the muscularis and mucosa 
of the bladder, and (3) traumatic displacement, with implantation on the 
peritoneal surface of the bladder following surgical intervention in any case 
of endometriosis From these sources of transmission it follows that Group I 
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invasions affect chiefly the trigone and base of the bladder, where there is 
direct l3miphatic continuity vith the uteius, while Group II and III invasions 
affect chiefly the fundus of the bladder It is to be noted that the endometrial 
tissue in Gioup I cases arises fiom the deep uterine mucosa and is not re- 
sponsive to the uterine cycle The same is not true of the endometrial tissue 
aggregates in Gioups II and III These aie chiefly instances of peritoneal 
implants or traumatic transplants resulting fiom “spill” and are primarily 
dei.ved from the lesponsive supeificial portion of the endometiium These 
factors determine the presence or absence of the chief diagnostic sign due to 
endometriosis of the urinary tract, namel}'^, c3fchc urinai^'^ hemorrhage 

SECONDARY URETHRAL ENDOMETRIOSIS 
To the best of my knowledge there aie no recorded cases of secondary 
urethral endometriosis One case came under m3'’ observation some seven 
years ago 

Case Report — The patient complained of burning on micturition, but no frequency 
or other discomfort On examination, there was a growth about the size of a white 
bean protruding from the orifice of the urethra She said that it became larger at 
times, and appeared inflamed, and a small amount of pinkish discharge was noted 
She could not determine that there was any increase at the time of menstruation because 
of the vaginal flow, but the growth did seem more troublesome and larger during this 
c\cle Not knowing its character, I did not urge immediate surgical intervention, 
because it was assumed that it was an innocuous urethral caruncle Four days after 
her first visit her husband stated that she was suffering intense discomfort in that 
region, and that he was taking her to the hospital On examination, it was found that 
the growth had increased to five or six times its previous dimensions, and that a diffuse 
thrombosis had occurred She was menstruating at the time The mass was now a 
dark purple in color, it filled the urethra, and protruded about three-quarters of its 
bulk outside Removal by cautery was done, and the biopsy revealed typical endo- 
metrial tissue, which was much distorted by interstitial hemorrhages, dilated blood 
vessels and thromboses Recover3' was uneventful 

The patient was 38 years of age, and, though married 16 years had never conceived 
Examination of the vagina and pelvis at the time revealed nothing suggestive of pelvic 
endometriosis except a few hard nodules in the rectovaginal septum near the posterior 
vault, which, I think, undoubtedly, m view of the biopsy findings, must be looked upon 
as previously unrecognized endometriosis Roentgenotherapy was instituted, and the 
patient did not have any further complications 

Tv'O other cases were described in the author’s monograph, “A Study 
of Endometriosis ” In these cases the entire length of the urethra was involved 
but since in each case this was merely a part of a diffuse pelvic infiltration, 
description will be deferred 

SECONDARY INVOLVEMENT OF THE BLADDER WALL 

The first recorded case of bladder endometriosis was that by Judd, in 1921, 
entitled “Adenom3’^oma Presenting as a Tumor of the Bladder ” Two cases 
by Flo3'd Keen, reported m 1925, were entitled “Perforating Ovarian Cysts 
(Sampson’s), with Invasion of the Bladder Wall” Then appeared White- 
house’s report, in 1926, of “Endometriosis Invading the Bladder of a Woman 
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who had never Menstruated ” After a lapse of several years there followed 
a series of cases by Sauer, m 1932, Weijtlandt, in 1934, Phillips, in 1934, 
Perlmann, in 1934, Henriksen, in 1935, Mark, in 1937, McClelland, in 1938, 
and Adams, in 1938 The description of the picture varies considerably in 
many of these cases, as does, also, the symptomatology, but no adequate ex- 
planation was forthcoming to account for these discrepancies The symptoms 
vary with the type of the disease and the location of the growth Frequenc}^ 
and urgency usually are the first symptoms to draw attention to the bladder 
In over 30 per cent of the reported cases there was a previous record of 
pelvic operation for intrapentoneal endometriosis Usually, when the bladder 
involvement is a direct progression of the disease from the uterine parietes, 
there is no hematuria, and the bladder invasion may be felt in the anterior 
fornix m the region of the uterovesical contact In the invasion of the 
bladder by a secondary transplant from the pei itoneum, the pathologic process 
is preponderantly in the fundus of the bladder and is responsive to the 
menstrual cycle Periodic hematuria, in relation to the cycle, is the most 
important diagnostic sign of the disease This sign is present in only a 
small percentage of cases, however, for the reasons given above In a careful 
review of the reported cases, the transplants of endometriosis to the bladder 
from an intrapentoneal endometriosis followed surgical pelvic intervention 
in the majority of cases Spontaneous involvement in the vesico-uterine pouch 
by intrapentoneal endometriosis, occurs m only about one per cent, as compared 
with 100 per cent of involvement in the pouch of Douglas From this, it 
will be seen that surgical intervention and opening of the vesico-uterme pouch 
in cases of intrapentoneal endometriosis, is a strong predisposing factor 
in the incidence of secondary bladder endometriosis 

Cases of bladder involvement fall into three groups Group I — Cases of 
stromatous endometriosis Group II — Cases of mixed endometriosis derived 
from the deep layer of the endometrium by lymphatic extension through the 
uterine parietes Group III — Cases of involvement of the fundus of the 
bladder from peritoneal endometriosis 

Group I — In this group are two cases of stromatous endometriosis which, 
as described in “A Study of Endometriosis,” invaded all of the pelvic 
structures, resembled a sarcoma, and the invasion of the bladder wall was 
just a part of the general involvement by contiguity In both these cases, 
the bladder muscularis, including its sphmctenc muscle, lost its contractile 
function due to replacement fibrosis Incontinence ensued, followed by an 
acute fetid cystitis The mucosa never became appreciably involved and, 
consequently, there were no vesical symptoms or signs until cystitis developed 
The ureters were affected also, as were all the pelvic structures, and this 
resulted in occlusion of the ureters and destruction of the kidneys 

Group II — In this group we find those cases of bladder involvement in 
which the endometriosis, made up of glands and stroma, has originated from 
the deep layers of the uterine mucosa and, after traversing the uterine lym- 
phatics, invaded the bladder muscularis at the point of attachment of the 
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bladder to the uterus This invasion is nonresponsive to the menstrual cycle, 
and, when examined cystoscopically, one sees a growth, with widespread 
edema, and, when the submucosa is involved, there appear pearly-white cystic 
growths of various sizes, from millet seeds to that of a bean The growth 
IS preponderantly in the region of the base of the bladder, frequently involving 
the trigone and mtei ureteral space There is no rhythmic hematuria, but 
there may be microscopic blood at times 

Group III — In this group are those cases of involvement of the bladder 
by transplant from a source of preexisting mtiaperitoneal endometriosis 
Thirty per cent of these cases have followed pelvic operations, and, in the 
majority of these, the bladder was injured suigically by separation during 
an hysterectomy As most of such cases are derived from mtraperitoneal 
disease, which, m turn, is derived, in the gieat majority of cases, from a 
tubal “spill,” these are responsive to the menstrual cycle, and rhythmic 
hematuria becomes the most efficient diagnostic sign of bladder endometriosis 
The cystoscopic picture varies with the time of the examination, during the 
interval of two menstrual periods, there is a bladdei growth, surrounded by 
edema, congestion and blue grape-hke cystic masses Hematuria is slight, 
but during the menstrual period the edema and congestion are very marked 
and hemorrhage is fairly abundant from most of the surface The growths 
are preponderantly m the fundus when there has not been any surgical 
trauma, but where the noimal bladder relations may have been disturbed, 
the growth may invade any pait of the suigically exposed bladder surface 

SECONDARY URETERAL ENDOMETRIOSIS 
Primary involvement of the ureter m endometrial disease is an exceedingly 
rare condition A single case is reported by Randall By primary involve- 
ment it is meant that the ureter was the primaiy urinary structure showing 
demonstrable disease It does not mean that the disease arose primarily m 
the ureter I repeat, all cases of endometriosis, according to my thesis, are 
of endometrial oiigin Randall’s case is of interest It is entitled “Endo- 
metrioma of the Ureter ” 

Case Report — Miss C K, white, age 37, complained of right-sided pain, fre- 
quency, nocturia and hematuria She developed these symptoms in August, 1940 In 
November, 1940, she had a severe attack with hematuria She had gained weight 
recently There was no cyclical bleeding Physical examination revealed nothing 
abnormal except tenderness in the costovertebral angle Uranalysis was negative except 
for a few leukocytes, and many red blood cells 

An intravenous urogram showed the left genito-urinary tract to be normal On 
the right there was haziness of the shadow of the kidney, pelvis, infundibula and calices 
The right ureter showed multiple filling defects Clinical Diagnoses Generalized lesion 
involving the pelvis, infundibula and right ureter Possible ureteritis cystica or multiple 
polypi of the right ureter 

A cystoscopic examination showed a normal bladder After a retrograde pyelogram, 
the diagnosis was made of a mural growth in the distal end of the right ureter Neo- 
plasm was to be excluded 

Operation — ^December, 1940 Through a Gibson incision into the right retroperi- 
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toneal space, the ureter was freed almost to the bladder A fusiform swelling was located 
about 3 cm proximal to the bladder At this point, tlie ureter was found to be firmly 
attached to the peritoneum The ureter was cut near the bladder and the kidney removed 
Biopsy revealed typical endometrial tissue During the operation, the peritoneal cavity 
was opened, and the pelvis was explored by the finger No pelvic or abdominal pathology 
was encountered 

There are four cases of ureteral disease in my series The first two cases 
were recorded in the Transactions of the Association of American Gynaeco- 
logical, Obstetrical and Abdominal Surgeons , and last year they appeared m 
greater detail m the authoi’s monograph, “A Study of Endometriosis 

These two cases were instances of stromatous endometriosis, m which the 
patients lived for ii and 12 years, respectively, after the first operation, at 
which the disease was discovered The two cases were so similar in all their 
details, that one description will cover most of the salient symptoms and 
pathology 

Cases I and 2 — Both were women, ages 38 and 36 years, respectively Both were 
operated upon for what was considered uterine fibroids At operation, a diffuse uterine 
stromatous endometriosis was found In the first patient, the disease had extended 
up the lymphatics of the right broad ligament into the right iliac fossa, where a diffuse 
growth had developed In the second patient, the left broad ligament was invaded 
Subtotal hysterectomy was performed The reason for not undertaking a more extensive 
operation, was because the disease, at the time, had only been recently recognized, 
and there was no doubt that, clinically, we were dealing with a diffused uterine sarcoma, 
which had spread beyond the limits of the uterine wall, and was beyond extirpation 

The patients were treated with full doses of roentgen ray, and one of them with 
ladium Recurrences developed in each case and there were alternating periods of 
growth and recession, these corresponding to intervals during which irradiation therapy 
was or was not employed Eventually, after ten years m one case, and ii years m the 
other, the growth became roentgen ray-fast and no longer responded appreciably From 
then on, there was a slow, relentless invasive process, which involved the walls of the 
rectum, bladder, vagina, and urethra Both cases were very similar in their clinical 
course The rectum and vagina became almost leaden m hardness, and the urethra became 
so tortuous that catheterization was impossible Incontinence, both rectal and vesical, 
developed, followed by a fetid cystitis, hematuria developed, and the patients were 
constantly wet This condition continued for two or more years Eventually, nausea and 
vomiting supervened, and the patients sank into uremic coma Blood chemistry showed 
marked retention of products of metabolism, and death followed in due course 

At autopsy, in the one case, the bladder and urethra were found to be invaded on 
all sides by new growth, but the mucosa was not broken through at any point The 
hematuria was chiefly, if not wholly, the result of tlie cystitis The ureteral walls were 
invaded in their lower two-thirds by the same endometnotic new growth, and though 
nowhere was the lumen invaded, the caliber had been impenetrably reduced by en- 
croachment from the walls The ureters above the constriction, were dilated and the 
kidneys were reduced to two small sacs with walls about one-third-inch thick This 
slow degeneration of the kidneys had been progressive, evidently over years Roentgeno- 
grams taken of the whole body wdiile on the autopsy table, revealed no metastatic growths, 
but, though the lungs seemed perfectly normal, to the eye and touch, yet, microscopically, 
small miliary nodules were found to have permeated the pulmonary tissues — apparently, 
tlie sequela of a broken-dowm nodule in the internal iliac \ein Autopsy could not be 
obtained in the second case, but the course of the disease was parallel to the first 
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Prior to her death, she began to show signs of mental aberration, followed by vomiting, 
and she gradually sank into an uremia coma 

There were no other cases until quite recently In both of the following 
cases, the ureters were involved as a complication of intraperitoneal endo- 
metriosis In neither of these cases was the bladder involved, and the chief 
symptom was costovertebral pain on the affected side 

Case 3 — The first patient was a young woman, age 28, who had suffered for many 
years with pain in the right lower abdominal quadrant, which was diagnosed as appendi- 
citis Appendicectomy was performed but the pelvis was not examined through the 
McBurney incision Microscopic study showed that the appendiceal mucosa was normal, 
but that the external surface of the organ was invaded by endometnotic growth Her 
condition was not improved by the appendicectomy Her pain in the right lower quadrant 
grew gradually worse and was now referred also to the right loin When examined 
by the author, a choked pelvis was found, in which the right side was more involved 
than the left She had been married eight years, but had never become pregnant She 
had severe dysmenorrhea both premenstrual and menstrual in character For several 
years right-sided backache was the chief symptom Six months before coming under 
observation, she had episodes of exacerbation of the backache, and, she thought, some 
fever during these periods Catheter specimen of urine revealed pus, and blood in small 
quantities These symptoms were not at all rhythmic and, hence, did not suggest any 
association with menstruation 

At operation, the pelvis was a mass of endometrial blood cysts, and dense adhesions 
The sex organs were released with great difficulty, especially on the right side, where 
the subpentoneal tissues, after liberation of the ovary, showed a deep infiltration by the 
growth The bladder was normal to palpation, but through the extensive incision, the 
right ureter was found dilated above the pelvic brim, and the right kidney was reduced 
to a small sphere not much larger than a golf ball The left kidney was larger than 
normal, due to compensatory growth Three years have elapsed since the operation Her 
period of febrile exacerbation and urinary symptoms continued for over a year, with 
longer intervals of freedom and diminution of the symptoms For the past six months, 
she has been quite free from discomfort, and it is assumed that complete sequestration 
of the kidney has developed 

Case 4 — The second patient was an unmarried female, age 43 , of delicate structure, 
fair and anemic She complained that during the past four years, she had suffered 
from a feeling of stiffness in her back on the left side, and, during the same period, had 
had repeated attacks of pain in the right lower quadrant She had had lassitude for the 
past four years, but this symptom became very pronounced during the last six months 
She stated that she had no pain on voiding, occasional frequency, and hematuria for 
one week about three weeks ago Her periods were regular, at 2S-day intervals, lasting 
five days, without dysmenorrhea or leukorrhea Her urine constantly showed about 40 to 50 
red blood cells (h p f), and from 10 to 25 pus cells, with occasional faint traces 
of albumin Every one of the 34 specimens examined showed myriads of bacteria 

She was a patient of Doctor McCaffrey’s and, due to her hematuria. Doctor Seng, 
an urologist, was called in consultation His first cystoscopic report, September 16, 
^943i was as follows " Bladder mucosa normal, no tumor or foreign body seen 
On the trigone, there is a mild pseudomembranous trigonitis with scattered yellowish- 
brown cysts, about the size of a match head There are only three or four of these 
Right ureteral orifice identified and right ureter cathetenzed Specimen obtained 

‘‘The region of the left ureteral opening was edematous and, as the ureteral orifice 
could not be identified, the ureter was, therefore, not cathetenzed 
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“The specimen from the right kidney (about 75 cc ) was cloudy Red blood cells 
about 25-30 (h p f ) 

“Roentgenograms showed the right catheter to the renal pelvis where it was looped 
in the pelvis, no evidence of calculus, left renal region obscured by gas Right 
retrograde pyelogram, with 4 cc of 12 per cent sodium iodide, showed a small pelvis 
of bifid type Kidney in good position Left kidney still obscured by gas 

“In view of the fact that we were unable to identify the left orifice, owing to the 
edema about it, an intravenous urogram is indicated” 

Cultures from the right kidney were negative Blood chemistry showed urea 132 
mg per 100 cc , uiea nitrogen 6 2 mg per 100 cc , uric acid 2 5 mg per 100 cc , creatinine 
I 14 mg per 100 cc , and N P N 15 mg per 100 cc 

September 17, 1943 Intravenous urogram At five minutes — ^much gas in intestines 
obscures both kidney regions but dye can be seen excreted in the bladder , at 15 minutes — 
dye can be seen in right renal pelvis, and the lower right ureter is clearly outlined — normal 
It IS not clear whether the left kidney is excreting or not There is much gas in the 
region Later, no outline of left kidney visible At 30 minutes — no definite outline of 
left kidney Urologic Opinion The question of a functioning left kidney not settled A 
second urogram suggests a possible left hydro-ureter and left ureterocele 

September 24, 1943 Cystoscopic examination under spinal anesthesia The bladder 
mucosa as previously reported The region of the left ureteral opening was poutmg; 
no orifice distinguished This area was congested Attempts to pass the catheter up the 
ureter not successful The three small yellowish cysts m the trigone (previously reported) 
were congested also 

Vaginal Examination — A large right cystic mass and a smaller one on the left, 
apparently without relation to the ureteral disease on that side (Doctor Seng) There 
was a sudden rise of temperature, with chills, after the last treatment Symptoms and 
signs disappeared five to seven days later 

When first seen by the author, September 22, 1943, a small asymmetrical uterus, 
with solid masses m both lower quadrants, was found These were more or less sym- 
metrical and there was a possibility, among other things, that this might be a Krukenberg 
tumor, because the patient had suffered for a long time from gastro-mtestinal symptoms 
Accordingly, a gastro-intestinal senes was taken, with negative results Wassermann 
was negative 

Opeiation — October 12, 1943 The upper abdomen was found to be free from 
adhesions There were signs of old blood, and blood pigment, about the sigmoid and 
coils of the small intestine The pelvis was filled with adhesions, involving both 
appendages, but chiefly the left, which were bound down densely to the sigmoid, meso- 
rectum and parietal peritoneum posteriorly The left ovary contained a large "chocolate” 
cjst the size of a tangerine The right appendages were liberated with ease But the 
left with extreme difficulty During the process of liberation, the cyst ruptured and 
its adherent walls had to be peeled off by forceps and traction Both appendages were 
removed, followed by a subtotal hysterectomy The appendix, short and rigid, was 
also removed Exploration of the renal regions disclosed a dilated left ureter, and a 
kidney reduced to about one-half normal size, globular, fixed, and giving the sensation 
of a small tliin-walled sac, filled with fluid The right kidney was about one-third larger 
than a normal kidney 

The patient made a smooth recovery for five days, but owing to an error In orders, 
the house surgeon removed both the skin clips and the stay-sutures, and immediately 
afterwards, the patient sneezed violently, which was followed by vomiting and a severe 
pain in the region of tlie incision Inspection showed that the wound had opened in the 
middle third and that the intestine was protruding The tissues were clean, and the 
incision was immediately closed by through-and-through sutures Her recovery was 
smootli and uneventful 
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Discussion — These four cases divide themselves into two distinct groups 
The first two were cases of stromatous endometriosis, of a diffuse nature, 
arising from the stromal cells of the endometrium, and spreading to invade 
all the organs of the pelvis, with a slow destruction of their normal functions 
Thus, we saw the rectum and bladder completely lose their muscular resilience 
and the development of consequent incontinence The vagina became a rigid 
canal through the same cause Infection spread up the urethra and bladder 
and a double pyonephrosis followed upon a slow constriction of the ureters 
by the new growth, with complete destiuction of the kidneys, and death, owing 
to uremic coma In these cases, the invasion was wholly by the lymphatics, 
and completely extraperitoneal The ureteral canals were never invaded, 
but merely obstructed by irregular nodular invasions of the ureteral walls 
In cross-section of the ureters, in places the ureteral lumen was semilunar, 
due to a growth on one side only In other places the constriction was annular 
The constriction in both these cases finally became bilateral, but probably 
not synchronously so In the two other cases, the ureters were constricted 
by an endometriosis of, primarily, intrapentoneal “spill," with subsequent 
subperitoneal involvement of one meter, so that destruction of the corres- 
ponding kidney became an inevitable sequela 

I have consulted Doctor Seng, and other urologists, as to the fate of these 
two last cases, and there is a uniformity of opinion, that one of two things 
will eventuate (i) Either the affected kidney will completely atrophy and 
cause no subsequent trouble, or (2) a large pyonephiotic sac may develop 
that may require removal The first of the two cases reported, has now 
gone over two years, and her general health seems to be steadily improving 
The other was operated upon four months ago Doctor McCaffery informs 
me that she has had kidney “flare-ups," but that these ai e growing less severe 
and less frequent It will be noted that in neither of these two cases was 
the ureteral disease complicated by endometriosis of the bladder 

An effort has been made in the literature to classify bladder endometriosis 
as primary or secondary This subdivision I cannot endorse, because I have 
tried to demonstrate that all cases of endometriosis of whatever type, or in 
whatever pelvic site, are endometrial in origin Henriksen states that his case 
of vesico-utenne endometriosis was of primary vesical origin He states “I 
feel that the term 'primary vesical endometriosis,’ should be limited to those 
cases in which no demonstrable contiguity with uterus, fallopian tubes or 
ovaries is present, and in which there has been no surgical trauma of the 
bladder wall or its peritoneal reflection ” That is not a very convincing 
argument One might as well contend then, that all tumor metastases in the 
liver are primary because there is no continuity with the primary growth By 
the same token, Krukenberg tumor of the ovaries would be primary ovarian 
cancer, and many other examples could be added to prove the falsity of such 
a contention 

Ernest Mark’s statements apropos to this subject, are of significant inter- 
est "The case reported by Whitehouse received no surgery There was 
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no involvement of the mucosa This case, like that of Hennksen, did not 
have cystoscopy prior to operation, and the endometiiosis arose from tubal 
and ovarian involvement in the ectopic process and involved all the serous 
and muscular coats of the bladder It is my opinion that this case, and 
others of like character, should not be included under the heading of bladder 
endometriosis and, most certainly, cannot be termed endometrioma of the 
bladder ” May I add, parenthetically, that the term “bladder” in these cases, 
as outlined in my study, should be used in such cases merely as a regional 
denomination, and not in a sense of primary origin of the disease 

In my series, the first two cases were ones of stromatous endometriosis, in 
which the ureters were involved late in the disease — to be more specific, ten, 
or more, years after the disease was discovered The ureters were just part 
of a general invasive disease involving all the pelvic structures, with eventual 
destruction of the kidneys, and death owing to uremic coma In these cases, 
the bladder, though extensively involved as to its musculature, maintained 
its retentive power until the sphincter became involved, and incontinence 
developed, following this, acute fetid cystitis developed, and ultimately 
double pyelitis followed In the two other cases the disease was not parametrial 
from the uterine parietes as in the former two, but was of the “spill” char- 
acter, through the fallopian tubes, and the ureter in each case became involved 
in its pelvic course, by transperitoneal invasion The bladder was not involved 
in either case, except by local edema at the corresponding ureteral orifice, 
due to lymphatic block 

In these two cases, the outstanding symptoms were, therefore, not vesical 
in origin, but resulted from the diseased kidney, and frequency and urgency 
were conspicuous by their absence before urologic intervention 

These two cases, I think, are the first to be reported of transperitoneal 
ureteral stricture without previous involvement of some layer of the bladder 
In the cases of involvement of the bladder mucosa, the triad of symptoms — 
frequency, dysuiia, and hematuria — are fairly constant In only a small 
percentage of cases, can the hematuria be shown to synchronize with the 
menstrual cycle When this is present, the diagnosis is much facilitated 
Symptoms — From nhat has gone before, it is quite evident that the 
symptoms of endometriosis depend upon several factors (i) The part of 
the urinary tract affected, (2) the type, and, therefore, the origin of the 
endometriotic transplant 

The case of urethral endometriosis was indistinguishable, on inspection, 
from an ordinary urethral polypus 

In bladder endometriosis, it is commonly asserted that the three fairly 
constant symptoms are frequency, urgency and hematuria Hematuria is 
frequently only microscopic in cases where the new growth is chiefly muscular, 
and the mucosa merely shows signs of lymphatic and vascular obstruction 
In cases of transperitoneal involvement of the bladder mucosa, the bladder 
disease is usually responsive to the menstrual rhythm and the hemorrhages 
are, therefore, accentuated rhythmically 
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Visually, through the cystoscope, there is usually a tumor, with marked 
edema, and m the nonresponsive cases the cysts, if visible, are of a pearly 
opalescence, but m the responsive type, the cysts are of a dark blue grape- 
hke color, with fairly profuse hemorrhage from these during menstruation 
In the two reported cases of stromatous endometriosis of the bladder, the 
chief symptoms arose out of lack of contiactihty of the bladder and sphincter 
musculature, followed by incontinence and cystitis In the two cases of ureteral 
obstruction there were no outstanding vesical symptoms, but severe costo- 
vertebral pain forced these patients to seek relief In these cases, there 
was destruction of the kidney on the side of the obstructed ureter The other 
kidney had hypertrophied compensatorily In the two cases, where both 
ureters were blocked, the patients died of uiemic coma, consequent upon the 
destruction of both kidneys 

Tieatment — ^The treatment resolves itself into the same as that for endo- 
metriosis elsewhere m the pelvis I cannot see the rationale, or the efficacy, 
of excision of the bladder tumor when the agency which brought about 
the bladder involvement is still left in operation 
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AN APPLICATION OF STAGING IN THE REMOVAL 
OF DIFFICUI.T Wn.MS’ TUMORS 

Everett D Sugarbaker, MD 
CoLtrvKiA, Mo 

FROM THE SURGIC\L SERVICE OF THE ELLIS FISCHEL STATE CANCER HOSPITAL, COLUMBIA, MO 

It is now well recognized that there exists a group of renal neoplasms 
of mixed cellular components which, although the}^ may occur from fetal 
life up to late adult life, are most frequently found in infancy and early 
childhood, where they make up appioximately one-fourth of all tumors seen 
They are characterized by rapid growth to bulky size, metastasize particularly 
to the liver and lungs, and have a quickly fatal termination The relative 
absence rather than the presence of symptoms is striking in view of the 
marked physical findings The eailiest report of such an entity was written 
by Gairdner,*^ who, in 1828, described a case of “fungus haematodes of the 
kidneys ” The clinical setting and postmortem findings in his patient were 
typical, although bilateral involvement was present Eberth^ in 1872, was the 
first to present a microscopic description of the process In 1894, Birch- 
Hirshfeld^ first used the term embryonal adenosarcoma, since designated by 
Ewing^ as embryonal adenomyosarcoma Wilms, in 1899, thoroughly re- 
viewed and clarified the subject m a monograph titled “Mixed Tumors of 
the Kidney,” and the eponym “Wilms’ tumor” is now generally accepted The 
term renal embryoma, although less specific m its connotation, has, also, 
through frequent usage come to be identified with these neoplasms 

The proper method of treating Wilms’ tumors has been the subject of a 
good deal of discussion The usually marked, and occasionally phenomenal, 
regression in size produced by external irradiation has led to widespread use 
of this foim of therapy That fully viable-appearing tumor remains after 
heavy dosage has been shown by Bothe,^ and is reflected in the uniformly 
poor results following the use of roentgenotherapy, either when used alone 
or as a preoperative adjunct 

The results following surgery alone, however, as reported by Mixter,^"^ 
and Ladd and White,^ have, by comparison, been so far superior to those, 
that one must accept that primary nephrectomy undertaken without delay 
is unequivocally the best method of treatment at the present time and should 
be promptly carried out whenever possible There seems little doubt but that 
their results were due to two mam factors the saving of very valuable time 
m dealing with an acute neoplasm by omitting preoperative roentgenotherapy, 
and the employment of a transperitoneal approach Much stress has been 
placed by Ladd on the primary ligation of the renal pedicle before the major 
portion of the tumor is disturbed, in order to prevent the possible dissemina- 
tion of tumor emboli incident to manipulation Recently, McDonald and 
Priestley^^ have demonstrated Tenal wein involvement m 45 per cent of 
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31 Wilms’ tumors studied, so that initial pedicle ligation would appear to 
be of more than theoretic importance 

A second important advantage of the abdominal approach, heretofore 
not mentioned but certainly just as important as the care of the hilus, is the 
ability provided for excising the kidney in its anatomic envelope — Gerota’s 
fascia The renal capsule is normally not a very substantial covering 
(Fig i) and, as a result of the sti etching produced by the tumor, it may 
become extremely thin (Fig 2) Sui rounding the capsule is the perinephric 
fat, which IS usually diminished in amount 01 absent around the embryomas 
Sui rounding this, in turn, and completel}' enveloping the kidney is the renal 
fascia, first described by Geiota,"^ in 1895 



Tig I — Normal tidney \Mth capsule attached, to indicate its thickness relatne to underlying structures 


Gerota’s fascia, synonymously referied to as Geiota’s capsule, renal fascia, 
perirenal fascia, fascia propria, and tunica fibiosa, aiises from the trans- 
versalis fascia as a short band which splits into two layers to invest the kidney 
and the perirenal fat in a fairly thick posterioi layer (fascia of Zuckerkandl), 
and a somewhat thinner anterior layer (fascia of Toldt) By some anatomists 
(Davies,^ and others) these are looked upon as concentrations of a more 
peripheral portion of the sub- or extraperitoneal fascia There is general 
agreement, among those who have so carefully worked out the anatomy of this 
capsule, that the posterior layer attaches to the bodies of the vetebrae in front 
of the psoas muscle The precise disposition of the anterior layer has been 
the subject of some dispute Gerota originally described it as crossing the 
midline anterior to the renal and neighboring great vessels and continuing as 
the corresponding layer of the opposite side Southam^® was able to trace 
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Fig 3 

Fig 2 — ^!Marked thinning out of capsule over bulky Wilms’ tumor In many areas (not shown) 
capsule IS only one cell thick (Section from case presented) 

Fig 3 — ^From another case of Wilms’ tumor, indicating infiltration of renal capsule and renal 
fascia by tumor cells As anticipated, recurrence in the tumor bed developed shortly following 
nephrectomy 
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the fascia anteriorly only as far as the pancreas and the root of the mesentery 
Considerable support was added to Southam’s work by MitchelP^ who, after 
injecting an emulsion of barium into the perinephric space, took radiographs 
and noted strict localization of the batium to the side injected Spread 
across the midline occuiied only after a consideiable amount of the material 
had been injected and, then, at the level of the lower lumbar vertebrae Quite 
recently, the problem has been claiified by Martm,^^ who tiaced the anterioi 
layer across the midline from one side to the othei, but found that both the 
anterior and posterior layeis split on the medial aspect of the kidney to 
completely surround it and there aie pierced by the hilai vessels (Fig 4) 
At the upper pole of the kidney both the anteiior and posterioi layer of 
fascia fuse with that on the undersurface of the diaphragm At the lower pole 


WESCMTtAY 



of the kidney they do not blend, but invest the ureter and gradually fade out 
as they are traced downward (Fig 5) 

Surrounding the perirenal fascia posteriorly, lying chiefly between it and 
the parietal musculatuie, is the paranephric fat often referred to as the fatty 
capsule of the kidney This is present in lessei amount antenoily between 
the same fascia and overlying viscera and is a derivative of the subperitoneal 
fascia This lattei structure in its typical fibro-areolar foini covers the 
kidney only where the kidney lies immediately beneath the peritoneum 

In removing the lenal fascia with the kidney, therefore, the fascia must 
be divided above, below, and mesial to that oigan Its incision mesially is 
necessary in order to approach the hilai vessels The lemoval of Gerota’s 
fascia through a lumbar approach would be difficult, and it is doubtful 
whether it could ever be done neatly or in its entirety under any but 
exceptional conditions Usually, in lumbar nephrectomies, this fascia is 
entered posterolateral to the kidney from which it is completely stripped in 
order to secure the hilar structures With most embryomas, such a pro- 
cedure would be almost certain to result in future recurrence 

The operability in Wilms’ tumors, as with most tumors, will depend 
largel} on the skill and experience of the suigeon Mixter,!'^ in 30 cases, 
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reported an operability of 73 per cent Apart from metastases, the factors 
responsible for the operative rejection of most cases have been local This 
IS emphasized by the numerous statements in the literature advocating pre- 
operative roentgenotherapy as a means of diminishing the size of the tumor 
and, thereby, facilitating surgery Since the diffeience in end-results between 



Fig s — Disposition of renal capsule as seen in sagittal section through the 
posterior abdominal wall (From (Cray’s Anatomy, 22nd Edit pp 1212) 

the preoperatively irradiated and the primarily operated patients now points 
to the danger of the first mentioned course, there appears to be excellent 
reason for attempting to extend the operability by dividing the operative 
procedure up into stages, if necessary, in order to carry out the prompt removal 
of the tumor with minimum risk There are two main technical difficulties 
involved first, the handling of the pedicle and, second, the control of the 
bleeding m freeing the kidney In bulky tumors, considerable distortion of 
the normal anatomy takes place The colon, duodenum, pancreas, spleen, etc , 
are usually considerably displaced, along with their blood supply Usually, the 
mass completely overlies its pedicle, making approach to the vessels difficult 
This, added to the possibilit}^ of marked shortening of the renal veins or 
adherence of the mass to, or actual invasion of, the wall of the vena cava, 

905 



EVERETT D SUGARBAKER 


Annals of Surgerj 
December 1944 


may convert what was intended to be the preliminary to a nephrectomy 
into a time-consuming, hazardous procedure in itself Another difficulty 
frequently encountered is vigorous bleeding from the markedly dilated and 
thmned-out perinephric veins The danger, here, arises less from blood loss 
than from interference with exposure and the dependent uncertainty of 
dissection 

A case presenting these difficulties is, herewith, described, and demon- 
strates a woikable method of staging It is probable that several variations 
of such a procedure are possible, but the anatomy of the kidney as well as 
the natural tendencies of Wilms’ tumois, suggest that the procedure here 
followed will be found to be the one most frequently useful 

CASE~StrMMARY 

Case Report — Hosp No 3719 C A, a 12-year-old boy, was admitted to the 
hospital, January 16, 1942 His parents stated that in October, 1941, after an 
appendicectomy, an abdominal mass had been noticed which had been increasing rapidly 
in size Intermittent hematuria had been present, and back pain had been prominent 
According to the referring physician, no mass had been found at previous celiotomy 

Examination showed a bulky, rubbery mass extending from beneath the right 
costal margin to the symphysis pubis It occupied the entire right abdomen and extended 
beyond the midline to fill almost half of the left abdomen from the umbilicus laterally 

Uranalysis was negative, no red cells were present Blood examination revealed 
an hemoglobin of 10 Gm per cent (70 per cent), and R B C of 3 9 million, and a 
W B C of 11,550, with 78 per cent granulocytes The N P N was 186 mg per cent 

A roentgenogram of the chest showed no metastases, and an intravenous pyelogram 
indicated a nonfunctioning right kidney 

First-Stage Operation — January 23, 1942 The abdomen was entered through a 
large right-sided T-shaped incision The tumor had displaced the liver anteriorly 
The right colon lay in the left side of the abdomen The stretched parietal peritoneum, 
lateral to the ascending colon, was incised and bluntly stripped off the left side of the 
mass in an attempt to approach the renal pedicle No right lateral mobility could be 
obtained, however, because of marked adherence of the left renal vein to the posterior 
aspect of the tumor Only a single left renal vein could be identified, but it was 
nevertheless divided The vena cava could then be seen lying in a groove on the 
midposterior aspect of the mass with which it communicated in two places The 
communications represented the original right renal veins, two in number, which as 
a result of the expansion of the tumor had become so shortened and broadened that no 
pedicle any longer remained and a direct entry of blood from tumor into the vena cava 
had been established Each of these flattened structures measured about 5 cm m 
breadth, the upper one also encompassing the left renal vein orifice in its scope With 
the vena cava controlled by circular tapes above and below the mass, a longitudinal 
segment of the wall of the vena cava, corresponding to the entry of the upper of these 
two veins, was removed and the lumen closed using a continuous interlocking suture 
of fine silk The right renal artery supplying the mass was next divided At this point, 
the patient appeared to be having considerable respiratory embarrassment and it was 
reported that the blood pressure had been slowly but steadily dropping despite continuous 
blood replacement A great deal remained to be done but it was feared that any pro- 
longed hypotension might too seriously interfere with the function of the right kidney 
The procedure was terminated, therefore, with the expectation of completing the removal 
at a later time 

Postoperatnely, the child did very well Repeated examinations of the left testicle 
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failed to demonstrate any swelling and the daily N P N never rose higher than 
28 3 mg per cent 

Second-Stage Opeiation — ^January 29, 1942 (six days later) The abdomen was 
reopened, and m less than ten minutes dissection was being continued from the point 
which It had taken three and one-half hours to reach in the first stage Moreover, 
the capsular veins which had been tremendously dilated and thin-walled at the first 
stage now were thrombosed, making dissection not only easier but much more precise 

Tapes were again placed around the vena cava and the lower venous connection 
between it and the tumor was severed by removing a similar longitudinal segment from 



Fig 6 — Cut surface of tumor in case presented Shows numerous cystic spaces and thinned out zone 

of normal kidney (2/3 actual size) 

the vena cava This second opening was closed m an identical manner as was the first 
one The tumor appeared to be quite adherent to the diaphragm, and in carrying out 
sharp dissection the tumor was entered, with resulting spillage The area of adherent 
diaphragm was extrapleurally excised Sharp drops in blood pressure occurred during 
these manipulations The parietal peritoneum was resutured, a flank dram was placed, 
and the abdomen closed 

The tumor weighed 1,760 Gm (Fig 6) It had a fairly dense connective tissue 
capsule in most places, but in some areas this was extremely thin On microscopic 
examination, the typical appearance of Wilms’ tumor was present There was no 
vein involvement observed 

The postoperative course was uneventful Between February 12 and March 6, 
1942, 2,000 roentgens (measured in air) w'as given to each of two 15- x 20-cm fields, 
one anterior and one posterior Other factors were 200 KV, 15 ma , 50 cm T S D, 
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and I mm cu and i mm al filter This produced some erythema of the skin, but 
no moist reaction 

Follow-up has now continued more than two years, and the child has remained 
well, and is developing normally 

Comment — ^Although some form of a rectus incision may be employed 
satisfactorily in removing smaller tumors, a large T-sbaped incision would 
seem to be more useful in the removal of the larger ones The horizontal 
limb must often extend from costal margin to pubis, with a vertical limb 
extending laterally at the level of the umbilicus well into the flank The 
advantage of this lies in enabling the surgeon to roll the tumor laterally with 
a minimum of squeezing to gain access to the pedicle 

Often the colon and, to a lesser extent, the more medially situated struc- 
tures are displaced anteriorly and medially by the expansion of the mass 
This often leaves a wide stretch of peritoneum between the lateral border 
of the colon and the abdominal wall This peritoneum and its own underlying 
fascia are unnecessaiy for subsequent closure and may, therefore, be left 
on the tumor Moreover, since the anterior layer of the renal fascia is 
thinner than the posterior layer, the removal with the kidney of the peritoneum 
and subperitoneal fascia presents an added safeguard against tumor recurrence 
Complications, such as tumor adherence to, or definite invasion by tumor 
of, segments of the inferior vena cava, the projection of large thrombi from 
the renal vein into it, or the conversion of the renal veins into renal sinusoids 
by distortion and shortening incident to tumor growth (as occurred in this 
case) are more apt to occur on the right than on the left side because of the 
shorter length of the right renal vein (or veins) 

Small to moderate defects left in the vena cava by longitudinally excising 
portions of its wall may be closed by suturing with a continuous over-and-over 
or interlocking black silk suture In repairing after large excisions the lumen 
may occasionally become so narrowed as to partially obstruct the return flow 
of blood When this occurs, so much bleeding may result at the suture line 
that ligating the vena cava may become necessary This happened recently 
in a case of carcinoma of the kidney It is now well known that ligature above 
the entry of the left renal vein is almost invariably fatal but that ligature 
below that vessel is usually followed by the development of a good collateral 
circulation Since the necessity for this procedure usually occurs during 
surgery on the right kidney, the location and identity of the left renal vein 
must be positively established before any ligating of the vena cava is done 
It IS interesting to note that in the case presented here, a right nephrectomy 
and a ligation of the left renal vein were simultaneously accomplished without 
subsequent untoward results Multiple renal veins on either side are common, 
but both at the time of ligation and at the second stage of the procedure, 
attempts to find another left renal vein in this case were unsuccessful It 
must, therefore, be assumed that sufficient collateral circulation of the left 
kidney was immediately established to maintain a normal N P N post- 
operatively The collateral renal venous return may take place by way of 
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the left spermatic, lenal capsular and the adrenal and azygos systems The 
renal capsular vessels have established communications with the phrenic, portal, 
ureteral, and spermatic veins Lejars®'^® was able to demonstrate renal- 
azygos communication in 8o per cent of cadavers he examined It is easy 
to appreciate that the situation here is m no way analogous to ligating the 
inferior vena cava above the left kidney since the factor of caval back 
pressure is absent in the case piesented 

Occasionally, very marked tortuous dilatation of the capsular veins is seen 
in kidney tumors After the hilar vessels have been ligated and several days 
are permitted to elapse, these vessels are either considerably diminished in 
caliber or have become thrombosed Dissection of the tumor capsule may 
then be earned out accurately without the handicap of profuse bleeding 
which may intermittently obscure the field 

In several recent cases, capsular vein engorgement was associated with 
extensive invasion of the renal veins by tumor In one of these a single 
right renal vein was completely occluded by a sausage-hke tumor thrombus 
It IS possible that the surgeon may be able to predict major involvement 
of the kidney veins at the opeiatmg table with considerable accuracy 
Over 90 per cent of the surgically-treated Wilms’ tumors that are not 
cured will recur or metastasize during the first year following operation It 
IS extremely rare for the disease to reappear after the second year The case 
presented has now gone two and one-half years since operation, and therefore, 
may be reasonably expected to remain well 

SUMMARY 

I. The proper treatment of Wilms’ tumors is discussed The results 
indicate that preoperative roentgenotherapy does considerable harm by 
delaying nephrectomy Local postoperative irradiation should probably be 
administered following specific indication (not empirically) and a more 
careful attempt made at evaluating its results 

2 In view of the high incidence of local recurrence following the lemoval 
of renal embryomas, more attention should be paid to the advantages to be 
derived from a clearer idea of Gerota’s fascia 

3 It seems likely that if preoperative roentgenotherapy is to be discarded 
as an aid to surgery, and if a high operability and low mortality are to be 
maintained, certain cases will have to be staged 

4 Such a case is presented because it demonstrates so well the difficulties 
which may be encountered and what may be accomplishd to overcome them 
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EXTERNAL PIN TRANSFIXION OF FRACTURES 


AN ANALYSIS OF EIGHTY CASES 

Ir'^hn E Siris, M D 

New Yoek, N Y 

FROM THE DEPARTMENT OF SURGERY, NEW \ORK xraiVERSITY COLLFGE OF MEDICINE AND 
THE NEW YORK UNIVERSITY SURGICAL DIVISION. BELLEVUE HOSPITAL, NEW YORK CITY, N Y 

The interest manifested m the use of external pm fixation has 
prompted us to report the results of our experiences with 8o cases treated 
during the past three and one-half years on the New York University Division 
of Bellevue Hospital 

Roger Anderson, Haynes, Stader and many other advocates of external 
mechanical pin fixation of fractures have endeavored to facilitate the man- 
agement of fractures by painstaking inventions and creations of refine- 
ments m their instruments and technic 

At first glance, one is overwhelmed by the ingenious contrivances, which 
seem so mechanically intriguing One becomes further impressed when 
the patient is ambulatory and demonstrates some mobility of his joints 
However, in our experience, the high incidence of discharge around the 
pm sites alone, would be sufficient reason to preclude the use of the method 
as a routine procedure (Table I) Nevertheless, this method of treatment 

Table I 

INCIDENCE OF DISCHARGE FROM THE PIN SITES 

Discharge from Osteomyelitis 

Pm Sites Pm Site 

No of Cases Per Cent No of Cases Per Cent No of Cases Per Cent Sepsis Died ' 

Humerus 


Simple 

4 

5% 

3 

75% 

No 




Compound 

1 

1% 



No 




Ulna 









Infected 

1 

1% 

1 

100% 

1 

100% 



Tibia and fibula 









Simple 

31 

38% 

10 

32% 

10 

32% 



Compound 

23 

28% 

6 

26% 

4 

17% 

1* 

!♦ 

Neck of femur 

7 

8% 

7 

100% 



5 

S 

Femur 









Simple 

12 

15% 

9 

75% 

3 

33 3% 

It 

It 

Compound 

1 

1% 

1 

100% 



It 

It 

Total 

80 

100% 

37 

46% 

18 

22 5% 

8 

8 


* Died on 7Sth day of cerebral thrombosis pneumonia cirrhosis of liver and sepsis 
t Died on 2nd day, 103 years old — Russell traction for 19 days, restless and unmanageable, then pm 
fixation 

t Died on 36th day from multiple injuries 

should not be entirely discredited Many of the infections around the pm 
sites may have been averted by laying less stress on ambulation and mobiliza- 
tion of joints, by immediately immobilizing the extremity and pins in plaster 
and by applying a new encasement ^^hen the swelling subsided Our high 
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mortality m hip fractures may have been prevented by employing internal 
instead of external pm fixation We have not been able to obtain the excellent 
results which the proponents claim for the “castless” external pm fixation 
for fractures of the hip In our opinion it should not be used for fractures 
of the hip 

Nevertheless, external mechanical pin fixation with plaster is useful 
if restricted to certain problem fractures in which conservative treatment will 
not give a satisfactory clinical result 

While it IS not the purpose of this paper to analyze and discuss the 
various forms of mechanical pin fixation and the principles and methods of 
the procedures employed, we cannot refrain from calling attention to some of 
the fundamental principles evolved as a result of the use of the methods by the 
proponents and by our own experience 

1 — PRINCIPLES IN THE APPLICATION OP EXTERNAL PIN FIXATION 

1 Meticulous surgical technic 

2 Knowledge of basic anatomic and mechanical factors in reposition 
of fragments 

3 Simultaneous skeletal traction, countertraction, rigidity of the pins and 
of the fragments 

4 The pins should be rigid and large and have no elasticity or spring 

5 Sustained impaction or contact 

6 Avoidance of sustained distraction 

7 Avoidance of encroachment of the pins on (i) major neurovascular 
structures, (2) capsule, and (3) articular surfaces 

8 Use of two or more pins in each major fiagment if feasible, one pin 
in a fragment does not prevent shearing, rotation or redisplacement 

9 (a) Half pins should penetrate the opposite cortex to assure stability 

and firm leverage 

(b) The points of the half pins should not project beyond the opposite 
cortex into muscles, and cause irritation and inflammation 

(c) Half pins should preferably be inserted on the medial side of 
the tibial fragments where the bone is devoid of muscles 

10 (a) When using half pins converging angular insertion of the pins to 
the transverse and longitudinal diameter of the fragment, engages 
a larger cross-section of bone and assures better control during 
manipulation of the transfixion connecting rods and for im- 
mobilization 

(b) To facilitate traction other than by the use of an anatomical splint, 
the distal through-and-through pm, inserted at right angles to the 
long axis of the shaft at the site of election, permits utilization of 
the distal pm for more effective direct traction 

(c) “The Haynes self-tapping pm is a combination drill, tap and pm 
in one unit The drill is the proper size for the root diameter of 
the tap which enables the tap to cut a clean thread m the cortex and 
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m continuing to turn the pm you have a full thread m the cortex 
with the drill point anchored in the opposite cortex The thread 
IS intended to prevent the pm from coming out and should not 
create pressure to cause necrosis The Haynes pins are inserted 
at right angled (i) because it is easiei to insert, (2) the pressure 
line IS the center of the bone and it would be more rigid than if 
inserted at an angle, and (3) the greater the angle the greater 
the load the pm has to carry ” 

11 (a) Plaster of pans tncotpoiahng the pins and adjacent joints is 

indispensable in the use of external pin fixation in simple fiactiiies 
of the tibia and fibula, and m some simple fiactures of the femur 
It IS absolutely imperative for compound fractures 
(b) With evidence of diminished swelling and movement m plaster, 
the connecting rods should be refastened and a new encasement 
applied to prevent friction of the soft tissues against the pins 
and to more rigidly immobilize the fragments 

12 If there is no loss of bony structure and plastei is employed, the pins 
should be exti acted within three to five weeks in tibial fiactures and within 
five to seven weeks in femiii ft actiii es Before extracting the pins determine 
if the encasement fits snugly , if not, fix the pins and the connecting rods, change 
the anterior or posterior shell or the entire encasement and check roentgeno- 
graphically 

Joints — Comminuted Fiactmes — ^External transfixion with strong Kirsch- 
ner wires by closed or open reduction and immobilization of the transfixion pins 
and adjacent joints in skin snug-fitting plaster encasement is desirable where 
distal skeletal traction is not feasible or fails to realign comminuted fragments 
This procedure is particularly applicable to extensive comminuted simple 
and compound fractures of the elbow The Van Gorder incision for exposure 
of the articular surfaces is especially desirable as the fragments can be 
visually fitted on to the Kirschner wires ivhich are inserted through the intact 
skin over either condyle A plaster jacket, with an anterior and posterior 
moulded plaster of pans splints, with circular turns, is applied to the arm 
with pyramids of plaster fixing the protruding wires The pins are extracted 
in four to SIX weeks (Fig i — a, b, c, d and e) 

In simple or compound comminuted fractures of the astragalus, a similar 
proceduie is advocated The anterior or posterior shell of plaster should be 
changed alternately when the swelling subsides 

11 — PROCEDUEE or REDUCTION FOR SIMPLE AND COMPOUND FRACTURES 
Where a Roger Anderson reduction splint is available, the use of the self- 
aligning splint will greatly facilitate reduction The anatomical splint, or 
chassis, is not absolutely necessary to effect reduction (Fig 2) Traction, 
manipulation and reduction can be obtained on an ordinary traction table 
This is facilitated by inserting the basic traction pm m the most suitable 
site for the most effective traction 
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Fractmes of the Femui — A strong Stemman nail is inserted just above 
the adductor tubercle The desired number of pins are then inserted at the 
sites of election (Figs 3 — a, b, 4 — a, b, and 5 — a, b) Slight traction is 
exerted through the distal pm and fixed to the traction table with the knee 
flexed as much as the location of the fracture would demand Rotation is 
corrected by manipulating the pm rods and, almost simultaneously, the extra 



Fig id Fig le 

Fig I — d Encasement removed, site of skin graft Pm extraction June 30, 1942 
e January 6, 1944 — range of mobility 6o°-8o® 



Fig 2 — Roger Anderson reduction splint used for a fracture of the 
tibia and fibula, through and through pins, fracture units joined with 
connecting rods Plaster slabs around pin sites 


traction is applied in the direction of the long axis of the fragments After 
the fragments are manipulated into position, the rods connecting the dual, 
triple or quadruple pins are clamped to the long connecting fixation rod, or 
rods, to maintain the fragments in position After verifying the corrected 
position of the fragments roentgenologically a double plaster spica is applied 
which also incorporates the pins 

Ftactures of the Tibia and Fibula — A Boehler Braun splint, a Boehler 
traction frame, a traction or an ordinary operating table may be used. The 
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Boehler traction frame or traction table is especially desirable if the fracture 
IS compound as the wound is more readily accessible for debridement Trac- 
tion may be effected through the os calcis if the fiactuie is m close proximity 
to the ankle More efifective traction and i eduction is facilitated if the 
distal pm can be inserted through the tibia, pieferahly two finger’s breadth 
above the mteinal malleolus The desiied pins are then inserted into the 
fragments (Fig 6) The shoit connecting lods are attached to their pins 

Tic 3a 



Tig 3b 

1 1& 3 —a On ordinary operating table, lines indicating desired sites of insertion of 

half pins 

b Half pins inserted, intermediate connecting rod connected to fracture units 

and the fragments are manipulated into position The two units of dual, triple 
or quadruple pins and their connecting rods are fixed to each other by one 
or more connecting rods A moulded anterior, posterior and circular plaster 
encasement incorporating the pins is applied fi om the toes to the groin with 
the knee in 30° flexion 

Hwnoal Fiachires — The two half pins in the proximal fragment are 
inserted slightly anteriorly and laterally so as to converge obliquely backward 
The two half pins in the distal fragment are inserted posteriorly so as to 
converge obliquely forward The short connecting rods are attached to their 
pins The right-angled flexed elbow and the midpronated forearm is then 
fixed on a traction table with bandages over felt Or a Kirschner wire may 
be inserted one inch below the olecranon process and fixed to the adjustable 
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traction arm The fragments aie then manipulated into position The long 
connecting rod is clamped to the fracture units A plaster spica is then 
applied 

Foreaim Fiacfuies — Depending on the location and the direction of the 
displacement of the proximal fiagments, the flexed forearm is placed in a 

Fig 4 a 




Fig 4 b 

Fig 4 — a Hawlev table — through and through and half pins inserted 
b Plaster spica incorporating projecting pins 

position of supination, midpronation, or complete pronation A pm is 
then inserted through the radius and ulna, two finger’s breadth above the 
tip of the st}doid process Where the fracture is m close proximity to the 
wrist, the hand is placed m complete pronation ^\lth the four fingers in extreme 
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adduction A Kirschner wire is then inserted thiough the second metacarpal 
bone at the base of the web between the thumb and index finger The pin 
should penetrate at least two metacarpal bones The pin is connected 
to a caliper and a rope which extends ovei a pulley on the traction ex- 

riG sa 



Fig sb 

Fig s — a Reduction and fixation of a fractured femur ivith aid of anatomical 

splint 

b Rods connected to fracture units 

tension frame with five to ten pounds traction The weight of the 
arm is usually sufficient for countertraction If necessary the arm, just 
proximal to the flexed elbow, can be fixed to the frame with a sling over a 
piece of felt When the desired position has been obtained a nonpadded 
narrow anterior and posterior moulded plaster splint reinforced with circular 
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plaster is applied from the shoulder to the distal crease in the palm for 
radial traction and to the proximal mterphalangeal joints for metacarpal trac- 
tion Pyramids of plaster incorporate the protruding pm 

Before attempting to correct the overriding of the rotated major fiag- 
ments, the simultaneous rotatory approximation of the major fragments must 
be coordinated with firm traction Where spiral or oblique fractures are 
rotated so that their cortical surfaces are m apposition the reposition of the 
fractured surfaces must be effected before attempting traction 

While it IS obviously desirable to obtain a perfect realignment of the 
fragments, a 50 to 75 per cent approximation of the fracture surfaces is 



Fig 6 — BoeWer frame — through and through pin through tibia, two fingers’ breadth 
above tip of internal malleolus, half pins inserted in sites of election Ready for con 
necting rods, and application of moulded anteroposterior and circular encasement 


adequate if the rotation has been corrected and the proper long axis has 
been restored 

Compound Fiactmes — ^With the limb fixed in ti action the debridement 
and the reduction is facilitated Whenever it is possible the original traction 
should be maintained until the patient is placed on the operating table If 
feasible before cleansing, no attempt should be made to correct the rotation 
of the fiagments or to exert so much traction that a protruding fragment 
is drawn back into the wound While mamtamirig traction, the site selected 
for the inseition of a traction pin is scrubbed with green soap, washed with 
ether and alcohol and painted with tincture of iodine and alcohol The 
traction pm is inserted, a dressing and the caliper is applied The traction 
cord is fixed to the traction bar or placed over the pulley on the splint with 
barely enough traction to hold the fragments in position 

Sterile gauze is again placed over the wound, the extremity is cleansed 
as outlined above The wound is debnded and the desired number of pins 
are inserted into the major fragments The pins are locked to their con- 
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necting rods The fragments are visually realigned into position by manipu- 
lating each fracture unit and exerting traction The connecting rod is applied 
and locked to both fracture units Where a self-realigning splint is available 
this procedure is greatly facilitated Sulfanilamide crystals are sprinkled 
into the wound and vaselined gauze is laid lightly across the wound A 
nonpadded encasement is then applied so as to adequately incorporate the 
adjacent joints The connecting rods may be left on the pins or small 
pyramids of plaster aie applied to incorporate the projecting pins Subsequent 
changing of the plaster when necessarj?^ is facilitated by replacing the con- 
necting rods This assures against redisplacement while applying a new 
encasement 



Fig 7a Fig 7b Fig 7c 

Fig 7 — a Debnded compound fracture of the humerus and external half pm fixation, February 15, 1943 
b April 2 , 1043 — note extent of new bone formation 
c April 2 , 1943 — before removal of pins No infection of pin sites 

The principles of Orr and Trueta having been so well established in the 
Spanish Civil War, in the present world conflict, and in civil surgery, that 
we believe it ohligatoiy to apply plaster to completely immobilise the evtiemity, 
thus assuring the physiologic rest and lymphatic stasis necessary in the proper 
treatment of compound and infected wounds While we did successfully 
treat a compound fracture of the humerus without plaster, we do not believe 
repetition justified (Fig 7 — a, b and c) The occasional successful case of 
compound fracture treated by external pin fixation without plaster will only 
serve to encourage others to use a procedure which is sure to prove disastrous 
and only serve to discredit it 

III COMPLICATIONS 

(i) Infection — Pi evention — A. discharge from the pin sites occurred in 
37 cases (46 per cent) In many cases it was slight and was soon covered 
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with a crust, without actual suppuration In some instances pus emanated 
from the bone and discharged for many months In some cases the dis- 
charge persisted much longer than it required for the fractuie site to heal 
(Figs 8, 9 and iqd) We believe that the infection of the pm sites is 
the most serious potential and real complication when using external pm 
transfixion of fractures The injection fai tianscends the dangeis of dis- 
traction, delayed union and nonunion The lattei does not endanger the lives 



Fig 8 Fig 9 

Fig 8 — Note sequestrum m pin site, discharge persisted lor more than a year 
iJiG 9 — Fracture middle and lower third healed Periostitis and large sequestrum subsequentb 

removed from pin site 

of the patients and is moie readily preventable or at least amenable to treat- 
ment with less hazard to the patient 

Most of our protracted infections and those that were fatal followed in 
those patients in whom the initial treatment did not include plaster 

To obviate external contamination of the pm sites as a source of infection 
we have been meticulous m our technic and have taken the precaution to 
seal over the pm sites Nevertheless, we have seen what appeared to be an 
innocent nonsuppuiative inflammatory exudate become purulent, extend 
along muscle and fascial planes, or into bone, and result m osteomyelitis 
Or the infection may extend into the blood stream and may become fatal 
Even the use oj plaster does not mitigate against infection of the pin sites 
When the szuelhng subsides the plaster may he wholly ineffective in mohihcing 
the soft tissues 
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Case Report — ^In the case of J D , who, on November 8, 1942, sustained a com- 
pound comminuted fracture of the tibia and the fibula, the wound had been debnded and the 
fragments transfixed with external pins and plaster After having had a normal temperature 
for five days, it gradually reached 104° F on the Qth day Chemotherapy was ineffective 
and it was subsequently discontinued to eliminate drug fever Examination of the 
compound wound revealed no evidence of infection However, the encasement was very 
loose around the pins and there was extensive suppuration about the pm sites which 
required multiple incisions Culture of the pm sites revealed mixed pyogenic organisms 
and Cl welchit Clinically, there was no evidence of gas gangrene An encasement was 
leapplied The patient’s condition improved In January, 1943, there was evidence of 
a metastatic involvement of the left acromioclavicular joint Aspiration biopsy showed 
staphylococcus Aspiration and immobilization in plaster was effective in controlling 
the pain and infective process The pins were removed m two months, the pin sites 
healed in three months Union was firm in seven months 

While the advantage of ambulation and early motion of joints would seem 
desirable, the inherent danger of infection of the soft tissue and bone from 
ambulation and unsupported soft tissue with plaster, is far too serious to 
lecommend it as a routine piocedure We believe that too much emphasis 
IS laid on ambulation and joint motion The motion that accompanied the 
treatment of fractures of the femur with external fixation without plaster was 
not sufficient to justify subjecting these patients to the potential danger from 
infection Only with the greatest difficulty could they be induced to get out of 
bed and use crutches The friction of the pins against the soft tissues caused 
pain and a discharge at the pin sites in nine femoral fractures treated without 
plaster Nor have we found that the ultimate restriction of the hip or knee 
after the use of plaster is any greatei after the use of plaster than with the 
nonencasement treatment 

Certainly, m fractures of the tibia and fibula the desiie of early motion 
of the knee or ankle is not a justifiable indication foi tbe use of external pin 
fixation without plaster In nine of the 54 fractures of the tibia and fibula we 
made^a determmecTeffoftTo use external pin fixation without plaster After 
a few days the rigidity of the fragment could not be maintained A discharge 
appeared at a pin site While not always suppurative, its significance soon 
became apparent Subsequent fixation of the extremity in plaster, from toes 
to the groin was necessary to limit the infection and to more rigidly fix the 
fragments and the pins The mobility of the joints, while temporarily restricted 
in plaster invariably returned 

(2) Distraction — Delayed Union — Pi evention —We attribute the mobility 
of the fracture site in cases which we tieated without plaster to (i) ambulation 
and joint motion, (2) to failure to pioperly transfix the fragments, (3) the 
elasticity of the pins (4) to the pressiii e neci osis 0/ the pins against the hone, 
and (5) inadequate support of the soft tissues and pins with a short encase- 
ment A pm became loose or the bone softened around the pm, and this 
impaired the stability of the fixation As a result of the mobility of the frag- 
ments, decalcification of the fracture surfaces continued and a gap soon became 
apparent 

Fractures of the Tibia and Fibula — ^In our efforts to more rigidly trans- 
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Fig loa Fig lob Fig ioc 

Fig 10 — a Intermediate fragment transfixed and joined to connecting rods 
b External pm fixation — some mobility of fragments 
c Immobilization in plaster incorporating transfixion pins 


Fig iia 


Fig lib 


Fig II — Comminuted fracture tibia and fibula, April, 1943 
Intermediate fragment slipped after transfixion of major fragments with 
Roger Anderson pins 

b Roentgenogram — transfixion of intermediate fragment 
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fix the major fragments without plastei we have employed a Uansfi.Mon pm 
aaoss the pa-ctme site (Fig lo — a, b and c) In comminuted fractures an 
effort was made to tiansfix the mtennediate jiagment to one of the major 
fiagments (Fig ii — a, b, c, d and e) We have also tried using foui long 
through-and-thi ough pins, the most pioximal and distal pm being inserted 
at right angles to the longitudinal and tiansveise diameter of the tibia, while 
the others weie inserted obliquely to the long and transverse axis of the 



Fig 12 Fig 13 

Fig 12 — ^Four long through and through pins, the most proximal and distal pins are 
inserted at right angles to the longitudinal and transverse diameter of the tibia and the inter 
mediate pins are inserted obliquely Pins fixed vnth two sets of rods Small plaster dressings 
applied around the pin sites 

Fig 13 — Showing excoriation around the pin sites one year after the pins were inserted 

tibia (Fig 12) With none of these procedures was either sustained impac- 
tion or immobility of the f ractui e sites obtained without plaster The presence 
of long through-and-through pins, did not entirely eliminate the pressure 
neciosis and the softening of the bone around the pins or the infection at the 
site of the pin insertions (Fig 13) 

Application of Plastei — In every instance of nonencased fixation of the 
fractures of the tibia and fibula, we had no alternative but to implement the 
fixation with plaster of pans, from the groin to the toes, and incorporate the 
pins in pyramids of plastei This more effectively maintained immobility of 
the fragments, with a minimal exudate and infection of the pin sites 
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Ea> ly Removal of the Pins — The practice of keeping pins in the fragments 
until there is roentgenographic or clinical evidence of union is a contributing 
factor to infection, maintenance of the fragments in distraction and causing 
delayed union Early removal of the pins is definitely indicated, to prevent 
sustained distraction, prevent infection of the pin sites, and to permit the 
involuntary muscular contraction to approximate the decalcifying fracture 
surfaces, even at the expense of some alteration in the position of the fragments 
in a new skin snug-fitting encasement Loosening the bars, or cutting a cir- 
cular section out of the encasement or adjusting the turn buckle has not 
resulted in satisfactory impaction, in our hands Wedging of the encasement 
is of inestimable value in correcting the bowing or angulation 

Union of the tibia cannot keep pace with union of the vasculauzed muscular 
fiactwed fibula While the pins may not keep the fibula fragments from 
uniting, they do prevent the muscles from impacting the poorly vascularized 
comminuted tibial fragments or the partially decalcified transverse fractures, 
during the period of active hyperemia If the pins are removed after the 
fibula has united and the tibial fragments are not in contact, union of the tibia 
will be delayed 

To obviate the possibility of delayed union due to distraction of the frag- 
ments by the pins and to prevent further friction of the pins m the loose 
encasement, the pins should be removed at the end of the 3rd or 4th week 
in transverse fractures and in the 5th or 6th week in spiral, oblique or com- 
minuted fractures The connecting rods are reapplied, the anterior two thirds 
of the shell removed and a snug fitting encasement from the groin to the toes 
is applied, with the knee in 30° flexion After the encasement has hardened, 
the connecting rods are removed and roentgenograms are made If the 
position of the fragments remained unchanged, the pins are extracted Where 
there is a loss of bony structure m compound fractures — the pins should be 
maintained in position to maintain length until the wound is healed and the 
wound IS ready for bone graft 

Fractuies of the Femur — The problem of distraction and delayed union 
in fractures of the femur is not comparable to fractures of the tibia because 
of the ample blood supply to the femoral fragments Distraction is a less 
serious concern in the oblique and spiral fractures because contact of the 
large fracture surfaces can be readily maintained It is in this type of fracture 
that we had our most satisfactory results with the treatment without en- 
casement 

It IS in the cases of transverse and comminuted fractures that distraction 
with pins must be guarded against The slightest movement resulting from 
the lack of immobility and sustained contact results in further decalcification 
of the fracture surfaces because of the continued hyperemia A gap, which 
may be barely visible roentgenographically, may follow This is in striking 
contrast to the large ossifying bony muscular hematoma which follows during 
the period of suspension with Russell traction In Russell traction, the un- 
opposed contracting muscles, which are one step ahead of any decalcification 
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which may result from shearing of the fragments, serves to impact the 
fractured surfaces 

IV — INCIDENCE ^OF INFECTION OF PIN SITES AND THE TIME REQUIRED 

FOR THE PIN SITES TO HEAD 

The incidence of discharges from the pm sites is summarized m Table I 
Thirty-seven of the 8o cases, or 46 per cent, developed some discharge, which 
varied from a slight serous exudate to a frank purulent discharge 

In 19 of the 37 cases, the discharge gradually diminished and the pm 
sites healed within one to eight weeks after the extraction of the pins In 
18, or 22 5 per cent, there was a low grade infection of the bone, from which, 
in some instances, a sequestrum was extracted 

Fiactures of the Humeuts — The pm sites, m three of the four simple frac- 
tures treated with external pm fixation, with a short plaster encasement, healed 
within two weeks after the extraction of the pins There remained consider- 
able edema and restriction of motion about the elbow for some time after 
the extraction of the pins in two cases 

In the compound fracture treated with external pm fixation, without 
plaster, there was no discharge or edema The mobility of the shoulder 
and elbow was satisfactory during the period of transfixion and increased 
rapidly with the extraction of the pms 

Of the five fractures of the humerus treated by external pm fixation, the 
patient with the compound fracture, had the most satisfactory result as to 
freedom from pain, exudate and edema The reason for the good result was 
first, the proper insertion of the pms at the sites of election, second, the 
firm transfixion of the pms through the fragments, and third, compound 
fractures of the upper extremity are more amenable to treatment than 
lower extremity injunes Nevertheless, we do not advocate the nonencased 
treatment for compound fractures of the humerus 

Fiachnes of the Tibia and Fibula — Of the 54 simple and compound frac- 
tures, 16, or 29 per cent, developed an infection around the pm sites In 
12, or 22 per cent, an incision for drainage was necessary Fourteen, or 
26 per cent, developed an infection of the bone at the pm site 

Of the 31 simple fractures there was a discharge from the pm sites in ten, 
or 32 per cent Incision and drainage was required in seven The discharge 
persisted for three months in two , four months in two , five months m two , 
and four are discharging at the end of 13, 18, 18, and 21 months, respectively 
Concentric sequestra was demonstrable in four, and roentgenographic evi- 
dence of an infectious process was ultimately evident in ten (Table II) 

Of the 23 compound fractures, the pin sites discharged in six cases, or 
26 per cent, and involved the bone in four Incision and drainage was neces- 
sar}^ in five One patient, age 61, died in two and one-half months from 
cerebral thrombosis, pneumonia and cirrhosis of the liver and sepsis The 
discharge persisted in one for three months, in tw^o for four months, and 
in tw'o for SIX months (Table III) 

Fiacitnes of the Hip — ^All se\en of the fractures of the neck and inter- 
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trochanteiic region treated by external pm fixation without plaster developed 
some discharge at the site of the pm insertion Eveiy effort was made to 
keep the pm sites meticulously clean Five patients subsequently developed 
geneial sepsis and died The discharge from the other two ceased in a few 
days after extracting the pins 

External pm fixation without plaster for fractuies about the hip is a 
hazardous procedure If a plaster spica is applied to implement external pm 
fixation m elderly people, we would be reverting back to chaining the patient 
to the mattress, with its potential complications In a report, on “Fractures of 
the Neck of the Femur An Analysis of 157 Cases,” we stated that other 
than expediting the procedure of immediate tiansfixion and minimizing the 
trauma m the process of fixation, external pm fixation had no advantage 
ovei internal fixation The incidence of infection and sepsis was too high, 
the nursing care was increased , and the patients were apprehensive and 
refused to be ambulator}'’ because of the pain in the region of the pm sites 
There was a constant dread of infection The patient could not be discharged 
from the hospital with the protruding apparatus The umfoimly good lesults 
with internal fixation of fractures about the hip, does not justify subjecting 
patients to the hazards of external pm fixation 

Fractuies of the Shaft of the Femui — Nine of the 12 simple fractures, 
or 75 per cent, developed a discharge from one or more of the pm sites (Table 
IV) In five the pm sites healed within a few days, or weeks, after extraction 
of the pins One discharged for one month , one for seven months , one for 
eight months, and another for 13 months In thiee theie was a destructive 
bony process at the pm sites, m two of whom a sequestrum was removed 
In three instances, the pins were extracted before union was complete 
because of an infection of the pm sites The extremities then were suspended 
in Russell traction No redisplacement of the fragments resulted In one, 
the infection subsided with the removal of the pins In another it requiied 
seven months after sequestrectomy and immobilization in a plaster spica, 
and penicillin, to control the infection In the third (M H , age 76) there 
was a low grade destructive process in the bone at the distal pm site 
Eight months after the original fracture she sustained a fracture through 
the discharging distal pm site below the healed original fracture site She 
died several days later from pulmonary embolism 

V — RELATION OF THE HEALING TIME OF THE FRACTURE SITE TO THE TIME 
REQUIRED FOR THE PIN SITES TO HEAL 

As shown m Tables II, III, and IV, the pm sites continued to dram m 
many cases as long as it took the fracture to heal In some instances the pin 
sites drained long after the fracture was united 

There were five simple fractures of the tibia and fibula which continued 
to dram with a variable amount of edema and excoriation after the fracture 
site healed Two fiactures which were healed in three months continued to 
drain, one for five months and the other for 16 months , anothei was healed 

930 



\otume 120 
Kumber 6 


PIN TRANSFIXION OF FRACTURES 


% 

to 


to 


^ E 
>> « 

^ ^ o 

1 §1 
P E S 


CQ O 

o g 
E ^ 


ff) 

o 


o 

a 2 


«gss§l^-- 

I E E E E-g-S E E|~ 5 


to m 


- P S S 


u ^ 'S 

£ 5| 

o tj ^ 

r o 


E 

H ^ 


n OT 

o o 


>t 

M w 

O o 


<1 

E *4 

S ‘E 


C m ^ « M 

^0^.0 I 


m CO 
O O 

E E 

1» '4' 


CO «n 
O O 

E E 

•*f •!* 


E E 


Uh 

Cl 

yi 

w 

to 

o CO 

W 


(0 

tn n 

>» b 

« 

>. 


E 

c 

to 

O 

4.« 

rt « 

CO 

O 

o> ^ P 

O M *0 

P P 05 
*0 ^ 

p 

»o 

0 

H 


•Se 

p •§ 

E 

E ^ ^ 

> > ^ 

& 

E 





»-l (I4 

a» V cs 
(Xl 

r*^ 

to 



CO 


CO 


O 

H 

V) 

u 

H 


C 

tQ E 

•S E 

CO O 

Q 


o o 
cia 


C CO ^ 

>. 

E tJ ■«« E g 

2 £ 2 I S S 

to I «-»♦■> w r*> 

O 1 -M w O 


01 

>» 

E 

o 

2 « 
to ^ 

o > 


a 

c« 


p 

ea 


to CO CO - 0) 
a; a> O) O c.> 

2; >* 


IS > 


o: 

P 


u 

u« 


p 

p 

p 


u 

p 

H 

U 

>* 

« 

P 

o 

2 

-< 

(0 

u 

H 


T3 

P 
O 


rt 

to 


^ to 


W c; 
m 


r« ^ 

S 

3 E 

o* E 


p 

o 

55 
U P 
Q > 
U H 

y < 


o 

u 


o 

CO 

rt 

u 

P 

to 

p 

o 


S '3 a 

w H g o 

e! £ 


C C 

2 to 
*■* 
rt 


.. V 


o 


W g 


O 


CO 

<*-• 

P 

p 

E S 

w 

tfl 

! 

cn 

to ^ 

”5 ^ 

E 

& 


C P 

05 

2 E 

0 0 

a> 

to ir 
P « 

6-3 

P 


g § 


3 rt 2 


to o O' P p 


rt 

w 

p 

i> 

o 


CO m 

O O 

E E 


o 

E 


c 

2 S 5 

u 
c 
to 


6 S 
E 


p 

o 

E 

*2 

s 

Q 


o 

E 


to 

0 

CO 

0 

to 

U 

E 

E 


♦y 

-y 

to 

P 

P 

P 

u 

u 

tj 

a 

a 

a 

c/3 

c/3 

c/3 


o 


-t* + 


>1 2 

•o ? 

05 

0 

c 

to 

0 

£ 

to 

0 

E 

to o> ? 

0 0 § 

E E Ts 

cn 

0 

E 

0 

00 to 

p 

n 

to 

fO fO o* 



(■H 

-r 







+ 

+ 


•f-i- 

+ + 

>© 

+ + 



+ 

+ 

+ 

'O 


+ 


E 2 

<; to 


(N C*» P** CS C^l 

CO CM 00 ro o 


<s ro fO 
•ry -"T 


»o a« o 


<M CN 
lO »o 


OD 00 C% to to 

^ to -f to O 


00 'O 

to »o to 


o ^ 
o 

Wi 

<5 - 


►4 u 

A tn 


Q 

OJ 


M «r 


a V 

f*'^^^toW'^I t4»— >»-o 

tO'OrN.cOCKO *-«C4fO 


O 

H 


931 



IRWIN E SIRIS 


Annals of Surgery 
December 1944 


in 14 months, and drained 17 months Two fractures were healed in 
four months and drained, one for 13 and the other for 15 months Five 
others continued to drain about as long as it required for the fracture to 
heal, in two cases the pm sites drained for three months, and the fracture 
was healed m four months , in two others the pm sites drained for four months, 
and the fracture was healed m five months, while one pm site drained for 
seven months, and the fracture site healed m seven months 

In the compound tibial fractuies, the pm sites healed before the fracture 
sites In one, the pm site drained for three months, two drained for four 
months, and two for six months Many of these fractures were extensively 
comminuted, there was less manipulation, less trauma at the pin sites and 
m most instances they were immediately immobilized in plaster, to which, we 
attribute the earlier healing of the pm sites 

The pm sites m three of the cases of fiactuied femur continued to dis- 
charge long after the fractuies were healed One was discharging at the end 
of eight months, two months after the fractuie had healed, when the patient 
sustained a new fracture which extended through the discharging distal pm 
site below the original healed fiacture site In another patient, the discharge 
from a pm site persisted for seven months, which was thiee months after 
there was 1 oentgenographic and clinical evidence of union of the fracture 
site The third case, a badly comminuted fracture -vvas united at the end 
of nine months but continued to dram for another four months from the 
proximal pm site from where a sequestium had been partially removed 

VI — TIME REQUIRED FOR HEAI.ING OF FRACTURES TREATED BY EXTERNAL 

PIN FIXATION 

In evaluating the time required for the healing of fractures treated by 
external pm fixation it would be desirable to compare the tune required to 
heal a similar group of cases treated by other procedures Watson Jones 
and Coltart have recently reported the lesults of their treatment of fractures 
by various procedures From our experience we are fully in accord with 
these observers that external pm fixation is a contributing factor in delaying 
union by maintaining the fragments m distraction 

It IS obviously difficult to evaluate reports of the treatment of fractures 
Most of the fractures we are reporting were badly comminuted and m mdi- 
viduals past 45 years of age There is one very pertinent factor w^hich we 
have observed m reviewing our cases, namely, that the less additional trauma 
we inflict on the fractured limb the sooner will the fiacture unite Our 
best results with femoral shaft fractures have followed with Russell traction 
While in fractures of the tibia and fibula, the Kirschner wire m the os calcis, 
Boehler frame and plaster has given us our most satisfactory results 

Union follow^ed in the majority of femoral shaft fractures in three to four 
months, unsuppoited weight bearing had to be guarded for another four to 
eight w^eeks Because of pain in the region of the pin sites, it was with 
great reluctance that some of the patients could be gotten out of bed to 
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become ambulatoiy and move their joints When plaster was used with the 
pins the niobiht}'- of the joint was equally slow in returning- This is in 
striking contiast to those cases treated in Russell traction Russell traction 
was generally discontinued in tw^o to three months Quadriceps exeicises 
were instituted soon after the ti action ivas applied Ambulation with crutches 
w^as permitted soon after discontinuing ti action and the range of mobility 
of the joints was geneially satisfactory at the end of the fourth month when 
in many cases crutches could be dispensed wnth ] 



Fig 14a Fig 14b Fig 14c 

Fig 14 — a Roentgenogram on Febiuaij 36, 1943 — note comnnnution and rotation of intermediate 
fragment 

b April 26, 1943 — fixation with half pins — open operation, impaction of major fragments, note 
sequestrum in distal pin site of the proximal fragment 

c March 3, 1944 — another sequestrum still present at fractuie and pm sites 


The high incidence of slow union in tibial fractuies w^as most noticeable 
in the cases in ivhich the pins were left in foi tw'O months, or longer This 
has become less apparent with the early lemoval of the pins and continued 
immobilization from toes to groin plaster wnth the knee m 30° flexion Of 
the simple fractures, seven healed in three months, 13 in four months, five 
m five months, one in six months, one in seven months, tw^o in nine months 
and one in 14 months In the compound fiactures slow^ union was par- 
ticularly noticeable , seven united m fi om three to six months, nine required 
seven to 12 months, twm from 15 to 19 months and three w^ere ununited 
fractures at the end of two years, two of wdiich w'ere grafted 


VII — INCIDENCE OF INFECTION OF THE FRACTURE SITE FOLLOWING OPEN 
OPERATION WITH EXTERNAL PIN FIXATION IVITHOUT PLASTER 

Femws — In three patients, because of the peisistent displacement, the 
fracture site was exposed and the fragments were transfixed wuth fracture 
units without plaster 

In one patient (Case 3) an infection developed at the fracture and pm 
sites Sequestra w^eie incompletely remoied and the discharge persisted 
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Fig ISC Fig isd 

Fig is — a Retouched negative showing extent of displacement of proximal fragment and com 
minution on admission March ii, 1943 

b April 6, 1943 — after transfixion of major and intermediate fragments 
c Reduction on Hawley table — note extra connecting rods 
d December 10, 1943 — extent of union nine months later 


from both sites for 13 months although the fracture site has been firm for 
foui months (Fig 14 — a, b and c) In another patient (Case 9) an infection 
of the site of the incision healed within a few days after the pus was evacuated 
(Fig 15 — a, b, c and d) The third patient (Case 4) was admitted from 
another institution, three months after the injury, with an unumted com- 
minuted fracture This had previously been fixed with three Parham bands 
The bands were removed and the fragments were transfixed with Roger 
Anderson fractuie units One month latei two Steinman nails were inserted 


934 



Volume 120 
Number 6 


PIN IRANSFIXION OF FRACTURES 


into the fiactuied neck of the feimti and connected to the pioxiinal fiactuie 
unit An infection developed in the region of the pins that weie inserted 
into the hip The infection healed m a few days after extracting the hip pins 
Four months aftei transfixion of the shaft of the femur the pins were removed 
Theie was no evidence of union of the major fragments A plaster spica 
was applied Five months later there was still no evidence of union A dual 
onlay graft was fixed to the major fragments with vitallium screws and the 
fragments weie transfixed with Haynes pins, without plaster Five months 

Fig i6a Fig i6b Fig i6c 



Fig i6 — a Injury October 27, 1942 Transferred to Bellevue Hospital January 23, 1943 — with 
Parham bands and plaster 

b Parham bands removed January 29, 1943 — nonunidn, distal major and intermediate fragments 
transfixed with aid of Roger Anderson anatomieal splint 
c October 2, 1943 — distal fragment ununited 

later the Haynes pins were removed There was evidence of union There 
was no discharge from the pin sites during the five months There was, 
however, a low grade infection of the wound Two months later the 
vitallium sciews and a small devitalized fragment of the graft weie removed 
The screw sites were clean The v ound was treated with penicillin locally and 
penicillin was given intramusculai ly Fourteen days later the wound was 
piactically healed (Fig i6 — a, b, c, d, e and f) 

Himienis — ^External pm fixation units were used on an ununited fracture 
of the middle and lower third of the humerus in a man, 38 years of age 
He sustained the fracture in January, 1943 He was plated in Africa the 
same day In June he was admitted with a gap between the fragments The 
Lane plate was lemoved, an onlay graft was fixed to the fragments wuth 
vitallium screws The fragments v ere also transfixed with Roger Anderson 
pm units and the extremity was incorporated m plaster The pins were 
lemoved m ten iveeks because of some edema about the distal pm sites This 
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disappeared with the removal of the pins Union was firm m four months 
No infection developed He has been followed one year (Fig 17 — a, b and c) 
Comment — ^After an open reduction for a fracture of a long bone and 
transfixion of the fragments with pins, a plaster encasement adequately im- 
mobilizing the extremity should be applied 



Fig 17a Tig 17b Fig 17c 

Fig 17 — Case F P , age 38 Fractured humerus plated, in Africa, June 22, 1943 
a Roentgenogram June 10, 1943 — nonunion — Lane plate holding fragments in distraction 
b Photograph September 23, 1943 after remo^aI of Lane plate and insertion of onla> graft 
\ itallium screws and external pin fixation with Roger Anderson fracture units 
c December 20, 1943 — six months later — extent of union 

When a bone is giafted and the graft is transfixed with vitalhum sciews, 
It IS imperative that a plaster encasement be applied to adequately immobilize 
the extremity External pins, for the purpose of inci easing the stability 
of the fragments, introduces a potential hazard, which should be avoided 

vm INDICATIONS FOR THE USE OF EXTERNAL PIN FIXATION 

External pm fixation vith or without plaster is not indicated when a 
more conservative procedure can be used which will give a good clinical 
result without subjecting the patient to the potential complications of external 
pin fixation 

(1) In selected ptoblem compound jjac fines when, m the surgeon’s 
opinion, immobilization in plaster or distal pm traction and plaster, vill 
not maintain a satisfactory realignment of the fragments, then, the procedure 
may be used with plaster adequately immobilizing the extremity (Fig 
iS— a, b, c and d) 

(2) In 'injected fiactines with persistent displacement to realign the 
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Roentgenogram on admission 
Transfixion pins and plaster 
Roentgenogram March 6, 1943 — firm union 
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Fig ipa 


Fig lob 








Fig 19c Fig ipd 

, 19 — a Patient age 39 Sustained a compound fracture of the middle third of the left 

tibia and fibula on January i, 1942 Admitted to Bellevue Hospital Januari 31, 1942 Bocnt 
genogram on Februarj i, 1942 — one inch of oierriding tibia protruding through infected wound 
b Roentgenogram Maj 23. i 94 z after realignment with Roger Anderson pins and anatom 
icat splmt — sequestrum of proximal end of distal tibial fragment 

hcaM ^o®'^* 5 enogram October 15, 1943 — sclerosed ends of bone six months after wound was 

^ ?°?*'^Eenogram showing dual onla> bone graft and \itallium screws Encasement 
reraoied April 1944 — firm union Verj slight discharge Screws out Maj, 1944 June, 1944, 
wound healed 
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fragments and to maintain them in position with the aid of plaster untd 
there is sufficient union to permit the extraction of the pins (Fig 19 — a, 
b, c and d) 

(3) In compound and infected ftactuies, in which there is a loss of bone 
external pm fixation and plaster can be used to maintain length until the 
wound has been healed sufficiently long to permit the insertion of a bone graft 

(4) (a) Simple fiactuies Mecbanical pm fixation with plaster may be 
used when conservative treatment fails to adequately correct rotation, restore 



Fig 20a Fig 20b 

Fig 20 — a Half pins for spiral and oblique fracture of the femur 

b Half pins in the proximal fragment, two through and through pins in the low supra 
condjlar fragment and a transfixion pm in the lower end of the proximal fragment 

the proper long axis of the fragments, appioximate some of the fracture sur- 
faces of a transverse fracture or approximate a displaced intermediate 
fragment 

(b) Simple jiactuies of the shaft of the femw, external pm fixation 
without plaster, or with a short encasement, permitting ambulation on 
crutches, may be employed only with the patient fully aivaie of the potential 
hacaids and the surgeon is thoroughly familiar with the procedure (Fig 
20 — a and b) 

CONCLUSIONS 

In 80 cases of external mechanical pin fixation of fractures the high 
incidence of discharge from the pm sites (46 per cent), of osteomyelitis of 
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the pm sites with peisistence of discharge long after the fracture had united 
(22 5 per cent), and of deaths (lo per cent) should preclude the further use 
of the method as a routine procedure for fiactures of the long bones and of 
the neck of the femur The proceduie should be used only in selected cases 
and by those who have been specially trained in the technic 

'The potential dangers, of infection of the sites of the pin insertions, 
far transcends the dangers of distraction, delayed union and nonunion The 
latter does not endanger the lives of the patients and is more readily prevent- 
able and amenable to treatment 

It should be restricted to certain problem fractures and to persistently 
displaced compound fractui es, in which, by visual manipulation, the reduction 
can be facilitated and maintained, until a properly fitting encasement can be 
expected to maintain the realignment of the fragments 

Too much emphasis has been laid on ambulation and joint motion 
Ambulation and early mobilization of joints should not be the motivating factors 
for the use of external mechanical pm fixation 

Infection of the pm sites and distraction and delayed union are attributed 
to (i) ambulation and motion of joints without plaster, (2) friction of the 
soft tissues against a pm which causes the infection and osteomyelitis, (3) 
piessHie neaosis of the bone by a pm which impairs the stability of the 
fixation, permitting a continuous hyperemia of the fracture site with absorp- 
tion of the ends of the bone, resulting in distiaction of fragments, (4) the 
prolonged use of the pins , (5) failure to immobilize adequately the extremity 
and pins m plaster , and (6) failure to reapply a snugger encasement when 
the swelling subsides 
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Intracranial Arterial Aneurysms By Walter E Dandy, Adjunct Professor 
of Surgery m The Johns Hopkins University Pp 147 Ithaca Comstock Publishing 
Company, Inc, Cornell University, (i944) 

This study is based on io8 cases of intracranial aneurysms Of these, 44 were 
postmortem findings over a period of 50 years The 64 cases disclosed at operation 
cover a period of 20 years However, it is only a little over six years since the first 
planned operation for an aneurysm was carried out by the author Since that time 36 
aneurysms have been exposed at operation, all but three having been correctly diagnosed 
preoperatively In 30 cases an attempt at surgical treatment was made, with resulting 
cures in 70 per cent 

Based on his experience the author found that the most favorable site for surgical 
treatment was the intracranial portion of the carotid prior to its branching 

A chapter on the development of the circle of Willis, by Dorcas Hager Padget, 
helps not only in the understanding of the site of origin of some of the aneurysms but 
sheds light on the possibility of untoward results following ligations Because of frequent 
anomalies the remaining patent branches may be inadequate 

Informative tables of cases grouped on the basis of the vessel involved, an extensive 
bibliography and excellent illustrations round out this presentation of the author’s 
experiences in a seldom trod path m neurologic surgery 

Ira Cohen, M D 
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